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Abstract

IDP++ (Image and Data Processing in C++) is a collection of signal and image processing algorithms
written in C++. It is a compiled sigmd processing environment which supports ilmr data types of up to four
dimensions. It is developed within Lawrence Livermore National Laboratory’s Image and Data Processing
group as a partial replacement for View [3]. IDP++ takes advantage of the latest, implemented and actually
working, object-oriented cmmpikr technology to provide “information hkling.” Users need only know C, not
C++. S@nala are treated like any other variable with a defined set of operators and functions m an intuitive
manner. IDP++ is designed fir real-time environment where interpreted signrd processing packages are less
efficient.
IDP++ exists for both SUNS and Silicon Graphics using their most current compilers.
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1 Changes and New Functions

1.1 Changes to Existing Functions Since Version 3.5

● Signal declarations no longer require a data type declaration e.g. SIGNAL<flost >, since they are no
longer templates. In fact, the declaration SIGNAL<typ@ will generate a compiler error.

● The signal constructors no longer require a data type argument. These are now hard-wired.

● Mixed-type arithmetic is now supported between aU four signaJtypes, all complex types, and aU scalar
types.

● The gauss function has been renamed to mkgauss to have a name consistent with the other function
generation functions.

● The typeof function has been renamed stypeof because of a conflict with Gun’s g++ compiler which
has a typeof function.

● Added a new set of FFT functions whose functionality is controlled by the logical OR of a set of
predefine constants. I implemented these because I could not remember the long calling sequence of
the old functions. An convoluted consequence of this is I had to make all the arguments of the old set
of FFT functions mandatory, i.e. there are no default arguments.

● The norrnaliie finction norndzes a signal to the magn itude of the signal sum or maximum. In
addition, it ofters three new methods of normalization: 1) Sum of magnitude of the signal elements; 2)
maximum of the aignrd element magnitudes; and, 3) signrd meem The ipnornudize function performs
an in-place normalization.

1.2 New Functions and Features

● The fiatten function “flattens” a multi-dimensional signal to one dimension. For example, a two
dimensional signal of size IV, by iVv wiU be returned as a one dimensional signal of size ZV. x IVv.

● The foldfunction “folds” a one dimensional signal to a multi-dimensional signal of specified dimensions.
So a one dimensional signal with N= x NY elements can be folded to become a two dimensional of size
N. by Nv (or Nv by N.).

● mkchirp generates chirps.

● xnkellipse creates a filled eUipse in a manner similar to &circle.

● mkeuler createsa complex signal using the Euler exponential, eiz.

● mkramp generates ramps.

● mpt ori converts two real numbers representing the magnitude and phase of a complex number to a
complex number in real and imaginary format.

Converts two real signals representing the magnitude and phase of a complex signal to a complex signal
in real and imaginary format.

● ndifferent iate provides a higher order approximation to the first derivative than the differentiate
function.

● pdfj pdth,pdfiprovide different ways of estimating a probability density function from a data set.

● replicate creates a two dimensional signal by replicating a one dimensional signal along one of the
axes.

● sumfabs and sumint sum the magnitudes and intensities (magnitude squared) of the signal elements,
respectively.
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● snr computes the signal-to-noise ratio of a data set using a specified signal template.

● There are several types of order statistic filters. See Section 7.41.

● centerpad symmetrically zero pads a signal around the. edges.

● There are a set of functions used to perform cubic spline interpolation. See Sections 7.43 and 12.9.

● classArandom and Krandom generate random deviates with distributions foUowing the two-term
approximation to Class A and the K-Distribution, respectively.

● The functions getbase Sandgetdlr operate on Unix path strings and return the base name and direc-
tory, respectively, of the argument.

● iptranspose, ipnormalize, ipdemean, and ipshsort fi.mctions perform in-place signal transpose,
normalization, demeaning, and shell sorting, respectively. The in-place functions over-write the original
data and can be used to conserve memory.

● Added a suite of matrix operations. See Section 7.45.
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2 Introduction
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IDP++ is a multi-dimensional, four-data type signal processing package. Once built and installed it consists
of a principal function library, ~dp. a, and a header He containing the package’s declarations, idp. b.
consists of four major classes:

String

Array

Complex

signal

A character string class. The String class offers a set of functions to make the
manipulation of stringa easier. It eliminates the burdensome need to allocate
memory and fill it with a lexical string with functions such as strcat and sprintf.
To use only the String class, include String. h in your sources and link with
libm. a. See Section 10 for the details on the String class.
A templated (parametrized) array class. To use only the Array class, include
Array.h in your sources and link with libm. a. See Section 8 for the details on the
Array class.
The complex classes which consist of complex, a floating point complex type,
dcomplex, a double complex type, and Complex< tw@, a templated (parame~-
ised) complex class. To use only the complex clu~ include complex. h in your
sources and link with libm. a. See Section 9 for the details on the Comdex class..
The signal classes which consist of the four supported data types: f signal,
dsignal, cs@nal, dcsignal.
To use any of the signal classes, include Signal. h in your sources and link with
viewio. o and Signal. o. This includes the String, Array, and Complex classes.
The signal classes support up to four dimensions, nominally X, Y, Z, and t (al-
though the axes can represent any type of units).

IDP++

The definitions of the four signal data types are:

f signal
ds@al
csignal

dcs@nal

Internally, IDP++

A single precision floating point signal whose primitive type is f lost;
A double preckdon floating point signal whose primitive type is double;
A single preckdon floating point complex signal whose primitive type is complex,
that is two consecutive f losts;
A double precision floating point complex signal whose primitive type is
dcomplex, that is two consecutive doubles.

signals must belong to one of the four classes listed above. However IDP++ can read
data stored on disk =Y of the ten following data typea:

char
short

long
float
complex

int
double
unsigned char
dcoutplex

uccomplex

An 8-bitdata type.
Nominally a 16-blt (2 byte) data type but may depend upon the computer
system. On SUNS and Silicon Graphics machiiea it is 2 bytes.
A long data type. On SUNS and Silicon Graphics machines it is 4 bytes.
A 4-byte floating point data type.
An 8-byte floating point data type with real and imaginary parts. This is defined
in the Complex class.
A 4-byte signed integer data type.
An 8-byte floating point data type.
An unsigned &bit data type.
A 16-byte floating point data type with real and imaginary parts. This is defined
in the Complex class
An unsigned M-bit complex data type. This is defined in the Complex class.
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3 Installing IDP++

Presumably you received the IDP++ sources in a tar file. Un-tarring it will create the IDP++ version 4.1
directory, idp++/v4. 1. Within that directory you will find:

doc The documents directory containkg the WljjX sources for this document.
fortrsn The directory of FORTRAN sources.
scripts The shell scripts directory dl of which can be ignored except for Mktree whk.h

you will have to run before building the IDP++ archive.
sgi The directory for SGI objects and archive.
src The directory of the C++ sources.
sun The directory for Sun objects and archhe.
test The directory of test and stand-alone codes.

These are the steps for building the archive for either the Sun or SG1

1.

2.

Run the Mktree script horn within the V4. 1 directory. Thk sets the paths within the various i!akef iles
to point to the current directory, and creates required sutAirectories and symbolic links;

Depending upon your system, cd to either sun or sgi and type “make -f Hakef ile. math” where
muchis either “sun” or “sgi.” This will build the idp. a arti~ve.
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4 Writing, Compiling, and Linking

Write IDP++ code as you would ANSI C or C++ but compile and link with CC and not cc.
To use the Complex, String, or Array classes, either alone or together, include the appropriate header
file (Complex. h, String. h, or Array. h) in each of the sour”ms and link with libm. a. These classes are
stand-alone and do not depend upon idp. a.
There is no need to include stdio. h, iostream. h, or math. h. They are included within Complex. h,
String. h, and Array. h.
To use the signal classes, include Signal. h within each source file and liik with Signal. o, vieuio. o, and
libm. a.
To use the full IDP++ function set, include idp. h within each source fde and link with idp. a, libm. a,
libM77. a, and libF77. a.
The src directory contains Hakef ile. semple which shows how to create a target, f oo. Follow the directions
therein.
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5 Notation Conventions

Throughout this manual the following notation conventions me used

Notation Definition

*2 Represents one of the four signal data types: f signal,

dsignal, csignal, or dcs@al. This notation is used

where a function or an operator can be applied to all four

types.

stype Represents the primitive data type of a signal or template

class. For example, the stype of an f signal is float.

Op Represents one of the operators, +, -, *, or /.

~pe Represents any primitive type, e.g. float, int, complex.

13
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6

6.1

Signal Class

Properties

To date, an IDP++ signal has the following properties:

Property
Name

DMectory

Data type

Data pointer

Dinxmsionality

Dimensions

origin

Interval

Time
size

Comments
Fde pointer

Seek size
Seek reference

Description
The name given to the signal, usually the name of the disk file contsinkg
the data. The name will be set to the specified file name when the signal
is saved using the save function. It can be accessed using the nameof
function.
The directory path to the signal within the file system. The directory will
be set to the specified directory path when the signal is saved using the
save function. It can be accessed using the dirof function.
This is an int representing one of the four supported data types. These,
along with the other recognized data types, sre listed in the subsection on
Global Constants, Section 13. The type property can be accesses using the
stypeof function.
Pointer to the data within memory. The data pointer can be accessed either
via a cast to a point#x of one of the four prtiltive types (f lost, double,
complex, or dcomplex) or via the ptrto function.
The dimensionzdity of the data. IDP++ recognizes data sets of up to
four dimensions. This must be set for a signal to be did. The signal
dimensionality can be accessed via the ndimof function.
Size of each of the dimensions. No memory can be allocated for data until
the dimensions are set. The signal dimensions can be accessed using the
dimof function.
Origin of each of the dimensions. If not set, the origins of all dimensions
default to O. The signal origins can be accessed using the originof func-
tion.
Interval of each of the dimensions. If not set, the intervals of sJIdimensions
default to 1. The signal intervals can be accessed using the intervalof
function.
Time origin of the data in UNIX time format.
Total number of data points or elements within the signrd. This is the
product of the dimension sizes. The signal size can be accessed with the
nelemof function.
Any comments associated with the signal.
C stresm pointer to an open file containing the signal data. Thk is used in
incremental reads and writes when the data file exceeds memory limitations,
Amount to seek through a data file for signals incrementally read from disk.
Seek reference indication from where the data file seek should be performed.
Plesse refer to the UNIX man page on {3S) fseek.

In most cases, the majority of these properties can be ignored. As a minimum, however, for a signal to be
valid, the dimensionality and dimensions must be set. Unless set, no memory is allocated for data.
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6.2 Constructors

6.2.1 Default Construct or

signal (void)

15

DESCRI PTION:
General constructor. None of the properties are set except the data type. The other properties may be set
by any of the following

● The signal appears on the left hand side of an equation. See Section 6.3 on assignment operators;

● The properties are explicitly set using the member access functions described in Section 6.6;

● The sigmd is used as an argument in a function

EXAMPLE
This code sequence shows default constructor usage.
properties have been set except for the signal type.

fsignal x ;
ds@nal d ;
csignal c ;
dcsignal z ;

whkh will set or return a value in it.

The output of the show function shows none of the

shou ( “fs @nal from default constructor” , x ) ; f print f (st clout,” \n” ) ;
shou ( “dsignal from default constmctor” , d ) ; fprintf(stdout, “~” ) ;
show ( “cs@al from default constructor” , c ) ; f printf (stdout, “\n~j) ;
show ( “ dcsignal from default constructor” , z ) ;

The output from the show function:

f s@nal from default constructor = {
Nams ={ 0,0X03
Dir ={ O, OXO}
Data = Oxo
Type = 3 f lost
NDim = O
Dim = 0xaf6e8 { }
Origin = oxaf700 { }
Interval = 0xaf718 { ]
Size = O

3

dsignal from default constructor = {
Name ={ 0,0X03
Dir ={ 0,0X03
Data = Oxo
Type = 6 double
NDim = O
Dim = oxaf730 { }
Origin = 0xaf748 { ]
Interval = 0xaf760 { }
Size = O
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csignal from default constructor = {
Nsme ={O,OXO}
Dir ={0, OXOI
Data = Oxo
Type = 4 complex
NDim = O
Dim = Oxaf778 { }
Origin = oxaf790 { 1
Interval= Oxaf7a8 { }
Size =0

3

dcsignalfrom default constructor= {
Name ={0 ,0X03
Dir ={0, OXOI
Data = Oxo
Type = 8 dcomplex
NDim = O
Dim = oxaf7co { }
Origin = 0xaf7d8 { }
Interval= oxaf7fo { }
Size = O

3

Asignal array can be declared aswould amyother typeof array:

fsignalx[ 256 1; II An arrayof 256 fsignals.
csignal2[ 100 1; // An array of 100 csignals.

Forsignalarrays, notetheprecedence of[l:

x[lOI[lI =2.3 ; // Set the secondelementof the llth signal.

The first set of brackets selects a particular signal in the array, the second set selects an element of the signal.
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6.2.2 Copy Constructor
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fsignal (const f signal &Input)

Esignal (const dslgnal &Input)

fsignal (const csignal &Input)

fsignal (const dcsignal &Input)

isignal (const f signal &Input)

isignal (const dslgnal &Input)

isignal (const csignal &Input)

isignal (const dcslgnel &Input)

csignal (eonst fsignal &Input)

csignal (Const fsi~al &Real, const fslgnal kImag)

csignal (const dsignal &Input)

csignal (const dsignal &Real, const dsignal &Imag)

csignal (const csignal &Input)

csignal (const dcsignal &Input)

dcsignal (const f signal &Input)

dcsignal (const f si~al kReal, const f signal &Imag)

dcsignal (const dsignal &Input)

dcsignal (Const dsignal &Real, const dsignal &Imag)

dcsignal (const csignal &Input)

dcsignal (const dcs@nal &Input)

DESCRIPTION:
Copy constructor. Createsasignalandinitializesittotheargument. Bothmemberinformationanddataare
copied to the new signal. As indicated, you cauinhialiie any signal type by any other type. The following
rulesareused:

●

●

●

When initializing from a complex type to a real type, only the real part of the complex signal is
preserve@

When Wltializiug from a real type to a complex type, the real part is set to the real part of the signal
and the imaginary part is set to zero;

When initializing from two real types to a complex typq the real part is set to the first real signal,
and the imaginary part is set to the second real signal. ,

EXAMPLE:

fsignal x, y ;
dsignal d( x ) ;
csignal Z( x , y ) ;
dcsignal DZ( y ) ;
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6.2.3 Detailed Constructor

signal (const int NDim ,

const iqt *Dim ,

const stype *Data = O,

const float *Origin = O,

const float *Interval = O)

DESC RIPTION:
General signal constructor. This flexible constructor may beused to create asigrd with any ofits major
parameters set. At a minimum the dimensionality and dimensions must be specified in the NDimand Dim
argumentsrespectively.Settingonlythesetwoparameterscreatesthesignaland allocatesmemory.
The argumentsare:

NDim The dimensionality of the signal. Must be within the range of 1 to MAXDIH,
where MMDIM isfour. See Section 13 on Global Constants.

Dim An array of at least size NDimspecifying the sizes of each of the dimensions.
With the NDimand Dim arguments, the constructorallocatesdatamemory and
setathenumberofsignalelementstotheproduct

I Dim[O]*..-*Dim[NDim-1]

Ifthe Dataargumentisnotset,thememory isinitializedtozero.
Data A pointertoan areaofmemory ofatleastsize

I Dim[O]*..“xDiM[NDim-1] *sizeof (st~e)

containingthedata to be copied to the signal, where stype is one of f lost,
double,complex,ordcomplexdependingupon thesignd~~ type.

Origin An arrayofatleastsizeNDimspecifyhgtheorigjnsofeachofthesignal’saxes.
Ifnotspecifiedorsettozero,theoriginsdefhulttozero.

Interval An array of at least size NDimapecifyiigthe intervalsofeachofthesignal’saxes.
Ifnotspecifiedorsettozero,theintervalsdefaulttoone.

EXAMPLE:
This code sequence shows how signals can be created, memory allocated, and propertiesset

int
xdim = 100 ,
ddim[2]= { 10 , 12 ] ,
cdim[3]= {10,12,14},
zdim[4] = {10,12,14,16 ];

flost
origin[41 ={-1, O, Pi, lOl,
interval [41 = { 0.5 , 1 , Pi/10. , 1./3. 1 ;

fsignal x( 1, kxdim ) ;
dsignal d( 2, ddim, O, origin ) ;
csignal c( 3, cdim, O, origin, interval
dcsignalZ( 4, zdim, O, origin, interval

show( “fsignalfrom detailedconstructor”

);
);

, x ) ; fprintf(stdout,“\n”) ;
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show( “dsignalfrom detailedconstructor”, d ) ; fprintf(stdout,’’\n”);
show( “csignalfrom detailedconstructor!, c ) ; fprintf(stdout,’’\n”);
show{ “dcsignalfrom.detailedconstructor”, z ) ;

Theoutput of the show functionis

fsignal from detailed constructor = {
Name ={O,OXOI
Dir ={0, OXO}
Data = 0xafce8
Type = 3 float
NDim =1
Dim = 0xaf6e8 { 100 }
Origin = 0xaf7f0 { O 1
Interval = 0xaf7d8 { 1 ]
Size = 100
MIN/NAX = 0/0

J

dsignal from detailedconstructor= {
Name ={0 ,0X03
Dir ={0 ,0X03
Data = Oxafe80
Type = 6 double
NDim = 2
Dim = Oxaf7c0 { 10 12 ]
Origin = Oxaf7a8 { -1 0 }
Interval= oxaf790 { 1 1 }
Size = 120
MIN/MAX = 0/0

3

csignal from detailed constructor = {
Name =
Dir =
Data =
Type =
NDim =
Dim =
Origin =
Interval=
Size =
MIN/MAX =

3

dcsignal from
Name =
Dir =
Data =
Type =
NDim =
Dim =
Origin =
Interval =

{O,oxo}
{O,oxol
0xb0248
4 complex
3
0xaf778 { 10 12 14 }
0xaf760 { -1 0 3.14159 ]
0xaf748 { 0.5 1 0.314159}
1680
0/0

detailedconstructor= {
{0 , Oxo 3
{0 , Oxo}
0xb38d8
8 dcomplex
4
0xaf730 { 10 12 14 16 }
0xaf718 { -1 0 3.14159 10 }
oxaf700 { 0.5 1 0.3141590.333333 3

19
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Size = 26880
MIN/MAX = 0/0

3

Once allocated, signal memory can be used for subsequent processing:

int dim = 100 ;
double *ptr ;
dsignalramp(l,&dim);

// Cast the signalto a pointerwhich retrievesthe pointerto the data.
ptr = ramp ;
for( int n=O ; n<dim ; n++ )

*ptr++ = -4 + 3*n ;

A signal array with set parameters can be defined using the cast form of the constructor:

fsignalXC 256 1; // An array of 256 fsignals.

for( int n=o ; n<256 ; n++ )
x[nl = fsignal(ndim,dim,O,origin,interval);
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6.2.4 Size Constructor

signal (const int NDim,

const int Nx,

const int Ny = O,

const int Nz = O,

const int Nt = o)

21

General constructor using a liit of scalar vskes instead of a pointer to speci~ the dimensions. Memory is
allocated and initialized to zero. Use this when it is too bothersome to declare an int array. The origins
and intervals are set to their default values of O and 1 respectively.
The arguments are:

NDim The dimensionality of the signal. Must be within the range of 1 to NAXDIM,
where MAXDIM‘isfour.SeeSection13on GlobalConstants.

Nx The sizeoftheX-dimension.
Ny The size of the Y-dimension.
Nz The size of the Z-dimension.
Nt The size of the T-dimension.

EXAMPLE:
This code sequence shows size constructor usage. The output of the show function show the signal properties.
The origins and intervals have been set to their default values of O and 1, respectively.

f signal x(1,100) ;
dsignal d(2, 10 ,20) ;
csignal c (3 ,64,128, 150) ;
dcsignal z(4,3O,15,1O,2O) ;

shou( “f s@nal from size constructor” , x ) ; f printf (st clout, “kM ) ;
show( “dsignalfrom size constructor~, d ) ; fprintf(stdout,“\n”) ;
show( “csignalfrom size constructor”, c ) ; fprintf(stdout,“\n”) ;
show( “dcsignalfrom size constructor”, z ) ;

The outputfromtheshowfunction:

fsignal from size constructor= {
Name ={ O, OXO>
Dir ={ 0,0X03
Data = 0xafce8
Type = 3 float
NDim = 1
Dim = 0xaf6e8 { 100 3
Origin = oxaf7fo { o }
Interval= 0xaf7d8 { 1 }
Size = 100
MIN/MAX = 0/0

3

dsignal from size constructor= <



22 IDP++ version 4.1-IVovember08,1996-revision I

Name ={() , Oxo }
Dir ={0 , Oxo 3
Data = 0xafe80
Type = 6 double
NDim =2
Dim = 0xaf7c0 { 10 20 }

Origin = 0xaf7a8 { O 0 ]
Interval= 0xaf790 { 1 1 }
Size = 200
MIN/MAX = 0/0

1

csignalfrom size constructor= {
Name ={0 , Oxo 3
Dir ={0, OXOI
Data = 0xb04c8
Type = 4 complex
NDim = 3
Dim = 0xaf778 { 64 128 150 }
Origin = 0xaf760 { O 0 0 }
Interval= 0xaf748 { 1 1 1 }
Size = 1228800
MIN/MAX = 0/0

3

dcsignalfrom size constructor= {
Name ={0, OXOI
Dir ={0 ,0X03
Data = 0xa106d8
Type = 8 dcomplex
NDim =4
Dim = Oxaf730 { 30 15 10 20 1
Origin =Oxaf718{OOOO>
Interval=oxaf700{llll}
Size = 90000
MIN/MAX = 0/0

3

Asignalarraywithallocatedmemory canbe definedusingthecastformoftheconstructor:

fsignal XC 256 ]; // An array of 256 fsignals.

for( int n=O ; n<256 ; n++ )
x[n] = fsignal(2,100, 128) // An array of 100x128fsignals.
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6.2.5 File Constructor

signal (const char *DiskFileName,

const int *stti = (j.nt*)O,

const int *Size = (int*)O )

DESCRI PTION:

23

Constructor using the information from an existing View disk file. The character string is the file name.
This constructor creates a signal from the parameters and data stored in the . spr and . sdt disk fdes.
Start and Size are arrays specifying the starting location and size for partial reads.
Any of the ten data types described in the introduction can be read in and cast to the particular sigmd data
type.
The following rules are used when casting between types:

● When cssting from a complex type to a real type, only the real part of the complex signal is preserved;

● When casting from a real type to a complex type, the real part is set to the real part of the signal and
the imaginary part is set to zero.

EXAMPLE

csignal R( “radar”) ;
dsignal sin( “sinewave” ) ;

int
location [21 = < 100, 200 } ,
size [21 = { 1000, 1000 1 ;

fs@nal chunk( “radar” , location , size) ;

A signal array defined from data files can be created using the cast form of the constructor:

fsignal rgb[ 3 1 ; II h array of 3 fsignals.

rgb[ O I = fs@nal( “red” ) ;
rgb[ 1 1 = fsignal( “green” ) ;
rgb[ 2 1 = fsignal( “blue” ) ;

Alternatively, you may use the cast from a string:

rgb[ O 1 = “red” ;
rgb[ 1 1 = “green” ;
rgb [ 2 1 = “blue” ;
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6.2.6 Mixed Constructor

signal (ccmst s~ype*Data, const signalHnput) I

DESCR IPTION:
Constructor using parameters from an existing signal. This constructor creates a signal using the parameters
from the existing signal Input and the data pointed to by Data. If the total number of data points in Input
is Size, then Data must point to at least Stze*sizeof L@pe) bytes, where stype is the particular data type.
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6.3 Assignment Operators

6.3.1 Signalto SignalAssignment Operators

fsignal& operator = (const f signal &Input)

dsignalk operator = (const f signal &Input)

dsignal& operator = (corist dsignal &Input)

csignal& operator = (const fsignal kInput)

csignal& operator = (const dsignal &Input)

csignal& operator = (const cslgnal &Input)

dcs@nal& operator = (const f signal &Input)

dcsignal& operator = (const dslgnal &Input)

dcsignal% operator = (const cslgnal &Input)

dcsignalk operator = (const dcslgnal &Input)

DESCFUPT ION:
Signal to signal assignment operator. All parameters and data are copied to the destination signal.
These operatorsensurecastingfrom alowerdatatype toahlgherdata typeisperformedimplicitly. Casting
from ahigher data type toalowerdata type must beperhrmed explicitly byusing the constructors from
Section 6.2.2

~
In its most simple form, the assignment operator is used to create a copy of a signal:

cs@nal A , B ;

Ii Set A somewhere . . .

B=A;

It can also be used when creating new signals. As the result of a function call, for example:

fsignal demean(const fsignal kInput)
{

f signal Result ;

Result = demean( Input ) ;

return Result ;
1

Or when memory is needed:

dsignal d ;

d = dsignal(3, 100, 100, 128) ;
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6.3.2 File to Signal AssignmentOperators

signal k operator = (const char *DiskFile?Jeme)

DESCRIPTION:
Character string to signal assignment operator. The destination signal has its parameters and data set using
the parameters and data of the disk file name pointed to by DiskFileName.
This performs a full read of the data. For a partial read see the file constructor of Section 6.2.5.

S@.!@ is ‘ne of the four sign~ types: fsiwal! dsi=al> csisal~ d@Pal-

EXAMPLE

fsignal radar ;

/*

* Read entire data file
*/

radar = “HH_tai4’;

int
Stert[21 = { o, 2000 },
size[21 = { 1024, 10000 3 ;

/*

* Read part of data file using the file constructoras a cast
*I
radar = fsignal( “HH_tai” , start , size ) ;
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6.3.3 Scalar to SignalAssignmentOperator
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signal k operator = (const stype Scalar) I

DESC RIPTION:
Constant to signal assignment. If the destination signal has been previously set, each data element of it
will be assigned the value Scalar. The previous data will be lost. The dimensionality, dimension sizes,
origins, intervals, etc. remain unchanged. If the destination signal has not been set, it will become a one
dimensional, single element signal whose value is Scalar.
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6.4 Assignment Arithmetic operators

6.4.1 Signalto SignalAssignment ArithmeticOperators

fsignalk operator op = (const f signal kInput )
fsignal& operator ;p = (const dslgnal &Input)—

ds@il& operator op= (const dslgnal &Input)
ds@nal& operator ~= (const f signal ikInput )—

csignal& operator op = (const fslgnal kInput)
csignal& operator ~ = (const dslgnal kInput)
csignal& operator fi = (const dcsignal &Input)—

dcsignal& operator op= (const f signal &Input)
dcsignal& operator ;p= (const dsignal. &Input)

dcsignal& operator Tp= (const csignel &Input)

DESC RIPTION:
Assignment arithmetic operators from one sigmd to another where op is one of +, -, *, /. The operatirs ~
applied on an element-by-element basis.

—

6.4.2 Scalarto SignalAssignment ArithmeticOperators

signal & operator op = (const siypeScalar)
J

DESCRIPTION:
Assignment arithmetic operators from a scalar to a signal where op is one of +, -, *, /. The arithmetic
operator is applied to each element of the signal.

—
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6.5 Binary Operators

6.5.1 Signal-Signal Binary Operators
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fsignal operator op (const fsignal tA, const fsignal &B)—

dsignal operator op (const dsignal kA, const dsignal &B)
dsignal operator ~ (const dsignal itA, const fsignal &B)
dsignal operator Q (const fslgnal &A, const dsignal &B)

csignal operator op (const csignal &A, const fsignal &B)
csigna.1 operator Fp (const fsignal &A, const csignal &B)
csignal operator Tp (const csignal &A, const dsignal &B)
csigna.1 operator ~ (const dsignal &A, const csignal &B)—

dcsignal operator op (const dcsignal &A, const dcsignal &B)

dcsignal operator ~ (const dcsignal &A, const fsignal &B)
dcsignal operator Fp (const fsignal &A, const dcsignal &B)
dcsignal operator ~ (const dcsignal &A, const dsignal &B)
dcsignal operator ~ (const dsignal &A, const dcsignal &B)
dcsignal operator ~ (const dcsignal &A, const csignal &B)
dcsignal operator ~ (const csignal &A, const dcsignal &B)

DmsmEmm
Binary arithmetic operatorsbetweensignalswhereopisoneof+,-,*,/.The operatorssreappliedonan
element-by-elementbasis.

—

6.5.2 Signal-Scalar Binary Operators

signal operator op (const signal kA, const stype Scalar)—

signal operator op (const s@pe Scalar, const s@nal &A)

CRIPTION:
Binary arithmetic operators between signals and scalars whereqisoneof +,-,*,/.
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6.6 Miscellaneous Signal Functions and Operators

6.6.1 Signal Element Access

Stype k signal [] (int n) I

DESCRIPTION:
Signal element access. The operator cm be used to set and retrieve signal elements. For 2 or higher
dimensional signals, the address calculation must be performed manually. Range checking is performed.

EXAMPLE

fsignal A( “Temperature”) ;
int x ;
A[2] =3; // Set an element
x = A[ 2 1 ; // Retrievean element

6.6.2 Signal Casts

stype * (s@naZ) I

DESCRIPTION:
Cast to pointer, returns the pointer to the signal data. Note, this cast may not work on signals declared as
const. In those cases, use the ptrto ( ) function of Section 6.6.9 to retrieve the pointer to the signal data.

EXAMPLE:

cs@nal 2( “HH_c” ) ;
complex *zptr ;
zptr = Z ; II zptr nov points to the data of Z

If the compiler is efficient at understanding the difference between non-const and const types, then you
will be able to use the following for signals declared es const:

void

{

foo(constcsignalkZ)

complex const *zptr = Z ;

// . . .

. ..
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6.6.3 SignalUmary Negation

signal operator - (const s@zal &A) I

DESCRI PTION.
Unary negation. All data elements of the signal are negated.

6.6.4 Number of Elements

int& nelemof (signal&A) I

Dmcm PTION:
Function to retrieve or set the number of elements in a signal. If an ndim-dimensional signal has dimensions
dim[O], dim[l], ... dim[ndim-1], nelemof will return dim[O] *dim [l] *... *dim [ndim-1].

6.6.5 Signal Dimensionality Access

int& ndimof (s@nal &A) I

DESCRIPTION:
Punction to retrieve or set the dimensionality of a signal. The dimensionality, NDiq must be 1< NDim<
MAXDIM.
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6.6.6 Signal Dimension Size Access

int& dimof (sigd &A, const int Axis)
Array<int >% dimof (signal &A)

DESC R,IPTION:
Functions to retrieve or set the dimensions of a signal. The first form retrieves or sets the d:mension specified
by axis. The second form returns an Array <int> of size 14AXDINcontaining all dimension sizes. Axis is one
of the axis specifiers described in the subsection on Global Constants, Section 13, XAXIS, YAXIS, ZAXIS,
or T-AXIS.

Ei&wELE
fsignal rzcr(“HH_tai”);
Array<int> dim ;
int Nx ;
dim = dimof( rar ) ;
Nx = dimof( rar , X.AXIS ) ;

6.6.7 Signal Origin Access

float& originof (s@na/ &A, const int Axis)
Array<float>& originof (s@nal &A)

DESCRIPTION:
Fbnctions to retrieve or set the origins of a signal. The firat form retrieves or sets the origin specified by
Axis. The second form returns an Array<f lost> of size FIAXDIMcontainhg all origins. Axis is one of the axis
specifiers described in the subsection on GlobaJ Constants, Section 13, X_AXIS, Y_AXIS, ZAXIS, or TAXIS.

EXAMPLE.

f signal rar( “INl_tai” ) ;
Array <float> origin ;
float XO
origin = originof ( rar ) ;
Xo = originof ( rar , X_AXIS ) ;

Note:Thw functioncanalsobe usedasan lvalue:

csignal Z(2, 100, 100) ;
originof(Z, X_AXIS)= -Pi ;
originof(Z, Y_AXIS)= -Pi ;
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6.6.8 Signal Interval Access

float& int ervalof (signs/ &A, const lnt Axis)
Array<f loat>k int ervalof (si~ul &A)

DESCRIPTION:
Functions to retrieve or set the intervals of a signaL The first form retrieves or sets the interval speafied
by Axis. The second form returns an Array<float> of size MAXDIMcontaining all intervals. Axis is one of
the axis specifiers described in the subsection on Global Chwtants, Section 13, XAXIS, YAXIS, ZJXIS, or
T_AXIS.

EXAM P@

fsignalrer( “FIH.tai”);
Array<flost> interval ;
float tix
interval= intervalof( rer ) ;
ax = intervalof( rsr , X_AXIS ) ;

Note: This function czm also be used as an lvalue:

csignalZ(2, 100, 100) ;
intervalof(Z, X_AXIS)= 0.1 ;
intervalof(Z, Y-AXIS)= 1.5 ;
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st ype * ptrto (const signal &A, const int n = O)

DESCRI PTION:
Function to retrieve the pointer to the data of a signal. Range checking is performed. n specifies an offset
within the data, if not specified the pointer to the fist element is returned. You may need b use ptrt o ( )
over the cast to pointer of Section 6.6.2 when working with signals declared as const.

ExAMELE
Thk will always work

const f signal R( “rsr”) ;
register float *rptr ;
rptr = ptrto( R ) ;

for( int n=o ; n<nelemof(R) ; n++ )
fprintf(stdout,“%g\n”,*rptr++) ;

Some compilers may complain about thb

const fsignal R( “rar”) ;
register float const *rptr = R ;

for( int n=O ; n<nelemof(R) ; n++ )

fprintf(stdout,“%g\n”,*rptr++) ;

6.6.10 Signal Name Member Access

String nameof (const signal &A)
void nameof (s@nal &A, const char *Name)

ImKuxKm
Functions to retrieve or set the name of a signal. The first form retrieves the signal name. The second form
is used @ set it.
Note: When using th~ function in a printf, f printf, etc, function to write a signal’s name, you must cast
the first form to a char*:

fsignal x ;
nameof(x, “Nobody”)

fprintf(stdout,“My

;

name is Xs\n”, (char*)nameof(x)) ;
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6.6.11 Signal Directory Member Access

String dirof (const signal tkA)
void dirof (s@na/ &A,.const char *Directory)

DESCRIPTION:
Functions to retrieve or set the directory path of a signal. The first form retrieves the signal directory. The
second form is used to set it.
Note: When using thii function in a printf, fprintf, etc, function to write a signal’s name, you must cast
the first form to a char*:

fsignalx = “/usr/people/lehman/data/test1“ ;

fprintf(stdout,“I live in %s\n”, (chsr*)dirof(x)) ;

6.6.12 Signal Type Member Access

int& stypeof (s~gnal &A) I

LmmuEmN
Function to retrieve or set the data type of a signal. This returns one of the four signaltypes:FLOAT,DOUBLE,
COMPLEX,DCOMPLEX.The signaldatatypesaredescribedinthe subsection on Global Constants, Section 13.
Note: ‘Ilk function was formerly called typeof but the name was changed to avoid a conflict with a GNU
C++ (gee) built-in of the same name.
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6.6.13 Signal Type Member Access

const char* gettype (const signal &A) I

DESCRI PTION:
Function to retrieve a const char pointer to the name of the signal data type. ThB returns a pointer to a
character string to one of the signal type names described in the subsection on Global Constants, Section 13:
Voat”, “double”, “complex”, or “dcomplex”.

6.6.14 Signal Minimum

stype minimum (const signalMO

stype minimum (const s@zal kA, int *Location)

DESCRIPTION:
Return the signal minimum.
The first form returns the due of the signal minknum. The second form returns both the signal minimum
and its location. Location is an array of at least size ndimof (A).

6.6.15 SignalMaximum

stype maximum (const signal &A)

st ype maximum (const signalM, int *Location)

DESCRI PTION:
Return the signal msximum.
The first form returns the value of the sigmd maximum. The sekond form returns both the signal maximum
and its location. Location is an array of at least size ndimof (A).
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6.6.16 Signal Sum

stype sum (const signal&A) I

DESCR.I PTION:
Return the sum oftheelementsina signal.

6.6.17 Signal Constant Fill

Stype constant (const signal&A, const stype Constant) I

DESCRI PTION:
Fhnction to fill the elements a signal with a constant. The value of the constant is returned.

J3XAMPLE :

deignal X(I, 128) ;
cs@nal Z (2, 128, 200);

constant(X , Pi ) ;

constant( Z , complex(l,1) ) ;
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6.6.18 Saving Signale

int save (sigrd&A)
int save (signal&A, const char *DiskFileNeme)

DESCRIPTION:
Functions to save a signal. The first form uses the signal name for the data file name. The second form uses
DiskFileName.
The function returns SUCCESSif the signal is written correctly, FAILUREotherwise. SUCCESSand FAILURE
are described in the subsection on Global Constants, Section 13.
The signal name and directory are modified to reflect the base name and path in DiskFileName.
Note: Since the String to char* is defined you may use expressions such as:

String Name( “foobar” ) ;
save( X ,Name);

6.6.19 Appending Comments to SPR File

int AppendToSPRFile (const sig?ud&A, const char *Comments) I

REMmEmM
Append comments to the signal’s parameter (. spr) file.

EXAMPLE
This code sequence shows how to save the command line arguments to an existing . spr file:

main(int srgn,char *args[1)
{

/*
* Save commandline.
*/

String Comments= ergs[0] ;
for( int n=l ; n<argn ; n++ )

Comments+= String(~1II)+ String(ugs [n]) ;

dsignal X ;

// . . .

1*

* Note; Saving X as.“solution”sets its name parameter.
*/
save( X , “solution”);

AppendToSPRFile( X , Comments) ;
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6.6.20 Deletinga Signal

I int remove (const signal &A) I

DESCRIPTION:
Delete the signzd from disk.
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6.6.21 Lkting Signals in ASCII

void ascii (const signal &Input)
void ascii (const signal&Input,

const char *Filename,
const int Coordinate = URA_NONE)

void ascii (const signal&Input,

FILE *Destination,

const int Coordinate = WRA-NONE)

DESCRIPTION:
Functionto display orwriteasignalin ASCIIformat. The numberformatfor floatsand doubles is%16.8e
so that they may be resdby FORTRAN. The fist form writes the sigmd to stdout. The second writes to
the file whose name is specified in Filename. The third form writes to the open file pointer Dest inat ion.
The Coordinate option specifies whether the signal element coordinates or indices are written with the data.
URLNONE selectsno coordinates are to be written, URA.COORselects the writing of the signal coordinates,
uM_Illi)~ selects the signal element index. These constants are described in the subsection on Global
Constants,Section13.
The argumentsare:

Input Inputsignal.
Filename Name offilewhereASCII datashouldbe written.
Destination Open filepointertowheretheASCIIdatashouldbe written.
Coordinate OptionalargumentSpeci@ingwhetherthesignalcoordinates,indices,or nei-

thershouldbe writtenwiththedata.Must be oneofURIMONE,URA.COOR,or
WRLINDEX.The default is URLINDEX.

EXAMPLE

This code sequence demonstrates the three methods of writing signals in ASCII.

fsignal X(I, 10) ;
float

Xo = 0.1,
dx = 0.2 ;

int n ;

originof( X, X.AXIS ) =Xo;
intervalof( X, X_AXIS ) = dx ;

for( n=O ; n<nelemof(X) ; n++ )

X[nl = pow( XO + n*dx , 2 ) ;

fprintf(stdout,“X w/out coordinates:\n”) ;
ascii( X , stdout , WRLNONE ) ;

fprintf(stdout,”\nX with coordinates:\n”) ;
ascii( X , stdout , URA_COOR) ;

fprintf(stdout,“\nXwith indices:\n”) ;
ascii( X , stdout , URA_INDEX) ;
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The outputfromthiscodeis

X v/out coordinates:
1.00000007e-02
9.00000036e-02
2.50000000e-01
4.90000069e-01
8.10000062e-01
1.21000004e+O0
1.69000018e+O0
2.25000000e+O0
2.89000010e+O0
3.61000037e+O0

X with coordinates:
1.0000OOOle-01 1.00000007e-02

3.00000012e-01 9.00000036e-02

5.0000OOOOe-01 2.50000000e-01
6.99999988e-01 4.90000069e-01
8.99999976e-01 8.10000062e-01
1.10000002e+O0 1.21000004e+O0
1.30000007e+O0 1.69000018e+O0
1.50000012e+O0 2.25000000e+O0
1.70000017e+O0 2.89000010e+O0
1.90000021e+O0 3.61000037e+O0

X with indices:
o 1.00000007e-02
1 9.00000036e-02
2 2.50000000e-01
3 4.90000069e-01
4 8.10000062e-01
5 1.21000004e+O0
6 1.69000018e+O0
7 2.25000000e+O0
8 2.89000010e+O0
9 3.61000037e+O0

41
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6.6.22 SignalShow

void show (const char *Message,
const signal &Input,

FILE *fP = stdout),

DESCRIPTION:
Function to ahow a signal’s properties in a fancy manner. Memory addresses are showed as well permitting
this function to be used fdr debugging purposes.

~
Forexample,thefollowingcode:

int
N = 121,
n;

flost
XO = -Pi ,
dx= 2*Pi/N ;

fsignal
C( 1, &N, O, &xO, kdx ) ,
S( 1, kN, O, kxO, &dx ) ;

1*
* Create a cosine and a sine signal
*/

for( n=O ; n<N ; n++ )

{
c[n] = COS( XO + n*dx ) ;
s[n] = sin( xO + n*dx ) ;

}

/*

* Combinethem into a complex signal
*/

csignal
2(C, s) ;

/*

* Saving the signals
*/
save(c, “cosine”);
save(s, “sine”) ;
save(z, “euler”) ;

show(“Cosinesignal”,
show(“Sine signal” ,
show(“Eulersignal” ,

produces

Cosine signal = {

sets their names

c) ; fprintf(stdout,’’\n”);
s) ; fprintf(stdout,’’\n”);
z) ; fprintf(stdout,’’\n”);

Name -={6 , 0x673b8 “cosine”}
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Dir ={ 0,0X03
Data = 0x669f8
Type = 3 float
NDim = 1
Dim = 0x66518 { 121 }
Origin = 0x66530 { -3.14159]
Interval= 0x66548 { 0.05192723
Size = 121
MIN/MAX = -1/0.999663

1

Sine signal = {
Name = { 4 , 0x673c8 “sine” 1
Dir ={O,OXOI
Data = 0x66be8
Type = 3 float
NDim =1
Dim = 0x66560 { 121 }
Origin = 0x66578 { -3.141593
Interval= 0x66590 { 0.05192723
Size = 121
MIN/NAX = -0.999916/0.999916

1

Euler signal = {
Name = { 5 , 0x673d8 “euler”3
Dir ={0, OXO}
Data = 0x66dd8
Type = 4 complex
NDim = 1
Dim = 0x665f0 { 121 }
Origin = 0X66608 { -3.14159}
Interval= 0x66620 { 0.0519272]
Size = 121
MIN/MAX = 1/1

}
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6.6.23 Sorting Signal Elements

signal shsort (const signal&Input)

void ipshsort (s@al &Input)

DESCRIPTION:
This functions performs a shell sort on the signal elements from lowest to highest. In the case of complex
values, the magnitudes are compared. The returned signal is one dimensionalregardlessoftheinputsignzd’s
dimensionality.The numberofelementsispreserved.
ipshsortperformsan in-placesortinordertosavememory.

EXAM PLE:
Thiscodesequenceshowshow a realand a complexsignalaresorted;

{
int

N=5,
.

fsign~l’x(l,N) ;
csignal c(1, N) ;
void list(fsignalkx) ;
void list(csignal&x);

for( n=O ; n<N ; n++ )

<
x[n] = pow(20 - n,2) ;
c[n] = complex( sqrt(x[n] ) , -sqrt (x [n] ) ) ;

1

fprintf(stdout,“fsignalbefore sorting:\n”) ;
list(x) ;
x = shsort(x) ;
fprintf(stdout,“fsignalafter sorting:\n”) ;
list(x) ;

fprintf(stdout,“csignalbefore sorting:\n”) ;
list(c) ;
c = shsort(c) ;
fprintf(stdout,“csignalafter sorting (bymagnitude):\n”) ;
list(c) ;

1
void list(fsignalkx)
{

for( int n=O ; n<nelemof(x) ; n++ )
fprintf(stdout,” %3.Of\n”,x[n]) ;

fprintf(stdout,“\n”) ;
}
void list(csignalkx)

{
for( int n=O ; n<nelemof(x) ; n++ )

fprintf(stdout,w 1(%3.0f,%3.Of)l = %5.2f\n”,
real(x[nl),imag(x[n]),fabs(x[n])) ;
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fprintf(stdout,”\n”);

3

The outputis

fsignalbefore sorting:
400
361
324
289
256

fsignalafter sorting:
256
289
324
361
400

csignalbefore sorting:
1( 20,-20)1=28.28
1( 19,-19)1=26.87
I( 18,-18)1=25.46
I( 17,-17)1=24.04
1( 16,-16)1=22.63

csignalafter sorting (by magnitude):

1( 16,-16)[=22.63
1( 17,-17)1=24.04
1( 18,-18)1=25.46
1( 19,-19)1=26.87
1(20,-20)1 =28.28

45
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6.7 Get/Set a Point Within a Signal

These functions are used to get or set an element value within a signal.

stype getpt (const s~gnal &Input,
const int x,

const int y = O,

const int z = O,

const int t = o)
stype k getpt (s~gnaj &Input,

const int x,

const int y = O,

const int z = O,

const int t = o)

DESCRI PTION
The first form is for use on the right hand side of equations whale the second form is for the left hand side.
Note: Some compilers may object to the overloading of

getpt (const f signalk, . ..)

and

getpt (f signal, . ..)

claiming they cannot distinguish between the two. They are wrong. According to the ARM [1] Chapter 13,
for any type T, it is ‘... possible to distinguish between const T&,volatile T&,andplain T& so functions
that difikr only in this respect maybe defined.”
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6.8 Get Rows and Columns of 2D Signals

These functions are used for getting rows and columns of 2 dimensional signals. The first form returns a
signal while the second form stores the result in an array.
These functions work only on 2 dimensional signals.

6.8.1 Signal to Signal Get Column

signal getcol (const signal&Input, const int Column) I

DESCFUPTION:
Extract a cohurm from a 2D signal. Column origin and interval are preserved.

6.8.2 Signal to Memory Get Column

void getcol (const signal&Input,
stype*Result,

~t int Column)

DESCRIPTION:
Extract a column from a 2D signal and store the result in the area pointed to by Result.

6.8.3 Signal to Signal Get Row

signal getrow (const signal kInput, const int Row) I

DESCRIPT ION:
Extract a row from a 2D signal. Row origin and interval are preserved.
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6.8.4 Signalto Memory Get Row
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void get row (const s~gnal &Input,
stype *Result,

const int Row)

DESCRIPTION:
Extract a row from a 2D signal and store the result in the srea pointed to by Result.
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6.9 Store Rows and Columns of 2D Signals

These functions are used for stiring a 1 dimensional input signal as rows or columns of a 2 dimensional
output signal.

6.9.1 Column Storing

void putcol (const signal &Input,

*1 ‘ht ‘
const int Column)

DEf3CRJPTION:
Insert a lD signal into a column of a 2D signal, overwriting the data.

6.9.2 Row Storing

void putrow (const signal &Input,
s@aZ &Out,

const int Row)

DESCRIPTION:
Insert a lD signal into a row of a 2D signal, overwriting the data.
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6.10 Signal Math Functions

These math functions reside solely within the various signal classes and do not require the full IDP++ library
(i.e. idp. a). If using only these functions it is sufficient to link only with Signal. o and viewio. o. For
example:

CC -o foo foo.c /usr/local/idp++/Signal.o /usr/local/idp++/viewio.o -lm

6.10.1 Phase of a Complex Signal

fsignal arg (const csignal &Input)

dsignal arg (const dcsignal &Input)

DESCRIP TION:
Return the phase a-h. argument of a complex signal.

6.10.2 Complex Conjugate

csifpal cc (const csignal &Input)

dcsignal cc (const dcsignal &Input)

DESCRIPTION
Return the complex conjugate of the input.

6.10.3 Cosine

signal Cos (const signalkInput) I

DESCRIPT ION:
Returnthecosineofthesignal. .
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6.10.4 Complex Exponential

csignal euler (const fsignal &Input)

dcsignal euler (const dsignal kInput)

DESCRI PTION:
Return thecomplex exponential ofarealsignal, i.e. eii’).

6.10.5 Exponential

signal exp (const signal &Input) I

DEsxmmm
Returntheexponentialofa signal.

6.10.6 M.a@tude

fsignal fabs (const
fsignal fabs (const

dsignal fabs (const

dsi~al fabs (const

fsignal &Input)

csignal &Input)

dsignal &Input)

dcsitznal &InDut)

DESC RIPTION:
Return themagnitude ofasignal, i.e. IzI.
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6.10.7 Magnitude and Phase to Real and Imaginary Conversion

csignal xnptori (const fsignal &Magnitude,

const fsignal &Phase)

dcsignal mptori (const dsignal &Magnitude,

const dsignal &Phase)

D13SCRIPTION:
Convert two real signals representing the magnitude and phase of a complex signal to a complex signal in
real and imaginary format.
Given real signals M and 0, mptori, creates a complex sigmd, z, by

z = Meti

= M cm(e)+ iM Sin(e)

6.10.8 Intensity

fsigmal intensity (const fsl~al &lnput)

fsignal intensity (const cslgnal &Input)

dsignal intensity (const dslgnal kInput )

dsignal intensity (const dcsl~al &Input)

DESCRIPTION:
Return the intensity of a signal, i,e. IZ12.

6.10.9 Imaginary Part of a Complex Signal

fsignal imag (const csignal &Input)

dsignal imag (const dcsignal &Input)

DESC RIPTION:
Return the imaginary pmt of a complex signal
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6.10.10 Logarithms

signal log (const s~gnal&Input)

signal loglo (const s~gnal&Input)

DESCRIPTION:
Return either the natural or base 10 logarithm of a signal.

6.10.11 S@al to a Power

signal pow (const s~gnal&Input, const double p)

Dm2uEmu
Raise the signal to the power p.

6.10.12 Real Part of a Complex Signal

fsignal real (const csignal Hnput)
dsignal real (const dcsignal Unput)

DESCRIPTION:
Return the real part of a complex signal.
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6.10.13 Sine

signal sin (const stignal &Input) I

DES CRIPTION:
Return the sine of the signal.

6.10.14 Square Root

signal Sqrt (const signalHnput) I

DESC IUPTION:
Return the square root of a signal.
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7 Signal Class Functions

7.1 Autocorrelate

fsignal. autocorrelate (const fsignal Hnput )
csimm.1 autocorrelate (const csimal kInmt)

DESCRIPTION:
Autoccmelation function. This function is implemented as a multiplication in the Fourier domain.

ExAMELE

fsignal x , Rx ;
x= “data” ;
Rx= autocorrelate( x ) ;

7.2 Average

signal average (const signal &Input,
const int Nrows,

const int Ncols = 1)

DESCRIPTION:
Average the rows and columns of a 2D SIGNAL.
The ~guments am:

r
Nrows The number of rows to average.
Ncols The number of columns to average. If not specified, no column average is per-

formed.
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7.3 Barrel Shift

signal bshift (const s~gnal &Input,

const int Nx = O,

const int Nv = O)

DESCRIPTION:
Barrel shift a ID signal by Nx elements or 2D sigmd by Nx elements and Ny elements. If neither Nx nor Ny
are specified, the signal is shifted to its center.
The argumentsare:

Nx X-shfi in pixels.
Ny Y-shift in pixels.

7.4 Clip

signal clip (const s~gnal &Input,
const s@e Threshold)

Z@ clip (const signal &Input,

const stype Threshold,

const stuDeValue)

DESCRIPTION:
CliD a simml. The first form clips the data by setting each element whose value exceeds Threshold to the.-
valueThreshold.The secondformreplacesthoseelementswhosevalueexceedthethresholdby Value.
The argumentsare:

Threshold Valueatwhkh thedatashouldbe clipped.
Value Optionalvsluewhichshouldreplacetheclippedelements.



IDP++ version 4.1- November 08, 1996- revision 1

7.5 Central Moments

!57

double cmoment (const si!ype&Input,
const int Order)

double cmoment (const stype&Input,
const int Order,

const double Mu)

Compute thecentral moment ofspecified order ofalDsigna,l. Theiirst forrnreturns thecentral moment of
specif3ed order. The second form returns the central moment of specified order using the pre-computed center
of mass HU.This form works faster tham the first since the center of mass does not need to be m-computed.
The nti central moment of a signal ,f(n) is defied as

Pn = +~(izo+nAz -pI)n It(n)l
n—d

whereA4 isthemassofthesignal,and pl isthecenterofmass,computedas:

iv–1

n=o

The arguments are:

Order Orderofthecentralmoment.
ml Pre-computedcenterofmass.

EXAMPLE:

This code sequence:

int n, N = 10000 ;
fsignal

g(l, N);
flost

Xo = -10,
dx = 2*fabs(xO)/N,
x;

/*
* Create a gaussiansignal
*/

fOr( n=O ; n<N ; n++ )
{

x =xO+n*dx;

g [n] = exp ( -x*x/2 . ) ;
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3

1*
* Set the origin and interval
*/

originof(g,X_AXIS) = XO ;
intervalof(g,X_AXIS) = dx ;

/*

* Normalizethe signal
*/

g /= sqrt(2*Pi) ;

save( g , “gaussId”) ;

fprintf(stdout,“First5 moments of a gaussian:\n”);
for( n=O ; n<5 ; n++ )

fprintf(stdout,“ %2d) Y&\n”,n,cmoment(g,n));

produces

First 5 moments of a gaussian:
o) 500
1) -1.21872e-09
2) 1
3) 3.98998e-09
4) 3
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7.6 Center of Mass

Array<double> com (const signal&Input)

DESCR.I PTION:
Compute the center of msss of a signal. The function returns an Array of MAXDINelements containing the
coordinatesofthecenterofmass.

7.7 Convolve

signal convolve (const si~a} ax, const signai &Kernel) I

DESCRI PTION:
Convolve two signals. The convolution is performed in the time domain.

7.8 Correlate

signal correlate (const s%gnal &X, const signal&Kernel) I

DESCR.I PTION:
Correlate tio signals. The convolution is performed in the time domain.



IDP++ version 4.1- November 08, 1996- revision 1

7.9 Crosscorrelate

signal crosscorrelate (const signal &Sl, const signal %S2) I

DESCRIPTION:
Correlate two signals. The correlation is performed by a multiplication in the Fourier domain.

7.10 Demean

signal demean (const s@nal &Input)

signal demean (const sggnal &Input, const int Axis)

int ipdemee,n (signal &Input )

int ipdemean (s@nal &Input, const int Axis)

Demean a signal. The first form removes the mean from the entire signal. The second form removesthe
mean alongthespecifiedaxisofa 2D sigmd.AxisiseitherXJIXISorY-AXIS.
The ipdemean functions perform in-place demeans over-writing the origimd data. They can be used to
conserve memory. They return SUCCESSifno errorsoccurand FAILUREotherwise.

7.11 Detrend

[ fsignal detrend (const fsignal kInput, const int Order) I

DES CRIPTION:
Perform a polynomial detrend of specified order.

. .
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7.12 Differentiate

signal differentiate (const signal &Input,

const int Axis = X-AXIS)

DESCRIPTION:
Differentiate a signal. For 2D signals, the differentiation sxis must be specified and defaults to the X-axis if
not set. This function implements a central difference approximation to the first derivative:

f’(o) =
–3f(0)+4f(l)–f(2J

2Az For the fist point

f’(lv -1) = 3f(N–1)–4f(N–2)+f(Iv-3)
2Az For the last point

Axis is eitherXAXIS orYAXIS.
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7.13 Extract

signal extract (const s~gnal&Input,
const int *Location,

const int *Size )

signal extract (const tignai &Input,

const int Xstart,

const int YstertOrXsize,

const int ZstartOrXsize= -1,

const int XsizeOrYsize= -1,
const int Ysize= -1,
const int Zsize= -1 )

DESCRIP TION:
Extractasubsetofasignal. Thefirstformspeciiles theextraction originandaizesin intarrays,thesecond
formselectstheorigins andsizes separately.
The arguments are:

I Xstart TheXstartofthe extraction.
YstartOrXsize For ID s@mls thisspecifiesthesizeoftheextractionregion.For2D or 3D

signalsthkspediestheYstartoftheextractionregion.
ZstartOrXsize For2Dsignalsth~specifiesthexsizeoftheextractionregion.For3D signals

thk specifiestheZ startoftheextractionregion.
XsizeOrYsize For2D signalsthisspecifiestheYskzeoftheextractionregion.For3D signals

thk speci6eatheX sizeoftheextractionregion.
YSize Y sizeoftheextractionfor3D signals.

Zsize Z sizeoftheextractionfor3D signals.
Location Arrayhavingatleastthesamenumberofelementsasthesignalargumentspec-

if@g theoriginoftheextraction.

Size Arrayhavingatleastthesamenumberofelementsaathesignalargumentspec-
ifyhgthesizeoftheextraction.
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7.14 Histogram
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fsignal histogram (const f s@m.1 &Input,
const int Bins = 256)

dsignal histogram (const dsignal &Input,
const int Bins = 256)

QEsaEmm
Compute the histogram of a signal Bins optionally specifies the number of bms to use. The default is 256.

7.15 Insert

int insert (siunal

const

const

const

const

int insert (signal
const
const

&Base,

a!?! &@ut $
int Xlocation = O,

int Ylocation = O,

int Zlocation = O)

kBase,

signal &Input,

int *Location)

DESCRIPTION
Insert one signal into another over-writing the data. The first form specifies the insertion location indices
individually. If none of the locations are specified, the insertion starts at element zero. The second for specifies
the insertion location in the array Location. ‘I@ function returns SUCCESSupon successful insertion and
FAILUREotherwise. SUCCESSand FAILUREare described in the subsection on Global Constants, Section 13.
Note: In contrast to the overlay function of Section 7.26, insert over-writes the data in the base signal.
The arguments are:

Xlocat ion X location of the insertion.
Ylocat ion Y location of the insertion.
Zlocat ion Z location of the insertion.
Location Array having at least the same number of elements as the base signal specifying

the origin of the insertion.
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7.16 Integrate

signal integrate (const signal &Input) I

DESCRI PTION:
Integrate a signal.
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7.17 Local Mean

signal localmean (const s~gnul &Input,
const int Xsize,
const int Ysize = O)

DESCRIPTION:
Compute the local mean of a 1- or 2D signal.
The arguments are:

Xsize X siseoftheregion.
Ysize Y siseoftheregion.

EXAMPLE:
This code sequence was used to create the data for F~re 1:

int
N = 201,
width,
n;

String Name(“tower”) ;

fsignal
tower(1,N),
h;

width = N/2 ;
for( n=O ; n<5 ; n++ )
{

tower += mkbox(N,width) ;
width /= 2 ;

3

/*

* Compute local mean
*/

width *= 5 ;
h= local.mean(tower,width);

save( tower , Name ) ;
Nsme += String(’’_lm”) + String(width);
save( lm , Name ) ;
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Figure 1: Stair step tower signal and its 15 pixel width local mean.

This functioncanbe usedtoperforma localmean normalization:

/*

* Read in a signal
*/

fsignal x = “image”;

/*

* Perform a 10x5 local mean normalization
*/

x /= localmean(x , 10 , 5 ) ;

save ( x , “image.lmn” ) ;
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7.18 Local Statistics
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localstat

localstat

localstat

int localstat (const f signal &Input,
f signal &Mean,

f signal %Variance,

const int Xsize,

const int Ysize = O)

int (const dsignal &Input,

dsignal &Hean,

dsignal &Varlance,

const int Xsize,

const int Ysize = ())

int (const csignal &Input,

csignal &Mean,

f Signal &Variance,

const int Xsize,

const int Ysize = O)

int (const dcsignal &Input,

dcsignal &Mean,

dslgnal &Varlance,

const int Xsize,

const int Ysize = 0)

DESCRIPTION:
(lomput etheloca lmeanandvariance ofal-or2D signal. This function returns SUCCESSupon successful
computation and FAILUREotherwise. SUCCESSand FAILUREam described in the subsection on Global

Constants, Section 13.
The arguments are:

Mean The local mean signal.
Variance The local variance signal.
Xsize X size of the region.
Ysize Y size of the region.
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signal magnify ( const signal &Input,

const f lost Magnlf i cation,

const int Method = REILINEAR)

signal magnify (const signai &Input,

const float *Magnification,

const int Method = R-BILINEAR)

DESCRI PTION:
Magnify the input signal using linear, bilinear or spliie interpolation. Allows the signal to be changed to any
arbitrary size. New sizes are specified by means of magnification(s). Magnif i cat ion is the magnification
factor. A negative magnification reduces the size of the signal, a positive magnification enlarges the signal.
The first fo~ applies ~he same magnification to all dimensions.
See also the resample () function in Section 7.31.
The arguments are:

Hagnif i cat ion The magnification factor(s).
14ethod Resample method.Must be oneofR-SILINEAR,lLSPLINE,REPLICATE, or

FLZEROINS.These constantsaredescribedinGlobalConstants,Section13.

7.20 Merge

fsignal merge (const fsignal &A, const fsignal&B)

csignal merge (const csigna.1&A, const csignal&B)

DESCRIPTION:
Merge two ID signals by interleaving their values.
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7.21 First TWO Moments of a Signal

double moments (const stype&Input, Array<double> &COM) I

DESCRI PTION:
Compute the center of mass and standard deviation of a signal. Thk function returns the variance
For a signal, ~(ii), where ii = (k, 1,m, n) represents the signal indices, the center of mass, PI, and variance,

p;, are computed as:

= (Mz,mn”-.)

IV-1 ‘if-l
(yo- /4,,)2+ 2% (w-l%) Zw(ml+y ~ ~21ml+.. -

ii ii

The arguments are:

I COM An Array of at least size ndirnof (Input) of the center of mass coordinates. I
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7.22 Flatten a Signal to 1 Dimension

signal flatten (const signal kInput)

void ipflatten (s@nal &Input)

DESCRIPTION:
Flatten a signal to 1 dimension. If the input hsa NDimdimensionswithelementsDim[ NDim 1, thenflatten
willreturna 1 dimensionalsignalwith

Dim[O]*..-*Dim[NDim-1]

elements.

7.23 Fold a 1 Dimensional Signal to an N-Dimensional Signal

stgnai fold (const signal &Input,
const int Xdim,

const int Ydim,

const int Zdim = O,

const int Tdim = o)

void ipfold (signalkInput,
const int Xdim,

const int Ydim,

const int Zdim = O,

const int Tdim = o)

DESCRIPTION:
Fold a l-dimensional signal to be an N-dimensional signal with specified dimensions.
The total number of elements in the signal must be the product of the dimensions.
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7.24 Normnlize

signal normalize (const signal&Input,

const int Method = NORM-TO_MAX)

int ipnormalize (signal &Input,
const int Method = NORKTOJ4AX)

DESCRI PTION:
Normalize a signal. The result will be normalized to the magnitude of the maximum value unless Methodis
settooneofNORM.TOSJM,NOR!LTO.VAR,NORM-TOX3JMFABS,NORLTOXAXMAG,orNORILTOXEAN.
ipnormalize() performsan in-placenormalizationinorderto savememory. ItreturnsSUCCESSupon
successfulnormalizationandFAILUREotherwise.
ThewMngtyoa&ation methods axe:

NORKT05U?4
NORKTO-VAR
NORKTOXAX

NORWTOHIHFABS
NORPLTOJWH4AG
NORKTOJEAN

Explanation
Normalize to magnitudeof signal sum, l~n z(n) 1.
Normalize signal to have unit variance.
Normalize to magnitudeof maximum value, lm~ z(rz)l.
Det&llt.
Normalize to sum of signalmagnitudes,En lz(n)l.
Normalize to msximum of magnitudes,m% Iz(n)l.
Normalize signal to have unit mean.

These constants are described in Section 13. F@re 2 compares the results of the various normalizations on
a random signal. The code sequence used to generate the data is:

f signal uniform( unif ormrandom( -0.25 , 1 , 110 ) ) ;

save( uniform , “uniform”) ;

save ( normalize( uniform ,
save( normalize( uniform ,
save( normalize( uniform ,
save( normalize( uniform ,
save( normalize( uniform ,

NORM_TOJIAI) , “uniform@l” ) ;
NORM.TO-SUM) , “uniform-nsw) ;
NORM-TO-VAR) “uniform-nv”) ;
NORM_TO_SUHFABS); “uniform.nf”) ;
NORM.TO.MAXMAG) , “uniform-run”) ;
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F@me 2: Effect of various normalization methods on a random signal. Graph (a) shows the original signal.
Graphs (b) through (f) show the signal normalized using the method indicated along with the weight used
in the normalization. All graphs are shown on the same scale for mmparison.
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7.25 Higher Order Approximation to First Derivative

signal ndifferentiate(const signaz &Input, const int Order) I

DESCRIPTION:
This function implements higher order approximations (up to 6) ta the fist derivative. Order is the desired
order of the approximation where

7.26 Overlay

ge!? &Base‘
stgnal &Input,

int Xlocation,

int Ylocation = O,

int Zlocation = o)

SiE!?! overlay (const
const

const

const

const

*1 overlay (const

const

const

4?!?!!!~Base*
signal &Input,

lnt *Location)

DESCRiPTION:
Overlay one signal into another returning a third. The first form specifies the overlay origins individually. The
second form specifies the overlay location in the array Location. The signal arguments remain unchanged.
Note: In contrast to the insert function of Section 7.15, overlay does not over-write the data in the base
signal but rather returns a third.
The arguments are:

Location Arrayhavingatleastthesamenumberofelementsasthebssesignalspecifying
theoriginoftheoverlay.

Xlocation X locationoftheinsertion.
Ylocation Y locationoftheinsertion.
Zlocation Z locationoftheinsertion.
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7.27 Probability Density Function

These three functions estimate the probability density function (PDF) of a signal. The first two use a
rectangular Parzen [6] window technique whkh is equivalent to smoothing the histogram with a rectangular
window. As a consequence, signsls whose PDFs have step .discontinuities in them such as uniform and
exponential distributions, will not be correctly estimated around the discontinuities.
F@res 3,4, and 5 comparetheresultsofthethreefunctionsforauniformlydistributed,gaussiandistributed,
and exponentiallydistributedsignal,respectively.The uniformand exponentialcasesdemonstratehow the
Paxzentechniquedoesnotaccuratelyestimatethedistributionaroundthestepdiscontinuities.
The codesequenceusedb generatethedataforthefiguresis:

int N = 1000 ;

fsignal
U( uniformrandom(2,1, N) ),

g( gaussianrandom(2,2, N) ),
e( exprandom(l,N) );

save ( u s “u” );
save ( pdf(u) , “u_pdf”) ;
save( pdfi(u), “u_pdfi”) ;
save( pdfh(u), “u_pdfh“ ) ;

save ( g “g” ) ;
save( pdf(g) j “g_pdf”) ;
save( pdfi(g), “g-pdfi”) ;
save( pdfh(g), “g_pdfh”) ;

save( e e);u 819
save( pdf(e) , “e-pdf”) ;
save( pdfi(e), ‘e_pdfi”) ;
save( pdfh(e), “e-pdfh”) ;
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7.27.1 PDF

I fsignal @f (const fsignal &Input,

I const float Percent = 0.10,

const int Bins = 512 )

DESCFU PTION:
This function estimates the pdf using a rectangular Parzen [6] window technique. Note: It does not fill in
zerobins.
The argumentsare:

IPercent Percentageofdatarangetherectangularwindowcovers. 1
Bins Number ofbms tousewhen quantizingthedata. I

7.27.2 Interpolated PDF

fsignal pdfi (const fsignal &Input,

const float Percent = O.10,

const int Bins = 512 )

DESCFU PTION:
This function estimates the pdf using a rectangular Parzen [6] window technique and then uses cubic spline
interpolation to fill in zero bins.
The arguments are:

Percent Percentage of data range the rectangular window covers.
Bins Number of bms to use when quantizing the data.
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7.27.3 PDF from Histogram

fsignal pdfh (const fsignal &Input,
const int Bins = 512 )

DESCRIPTION:
This function estimates the pdf by normalizing the histogram by the signal ssmple interval times the signal
sum.
The arguments are:

Bins Number ofbiistousewhen quantizingthedata. 1
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F@e 3: Comparison of the three PDF estimators on a uniformly distributed random signaL Graph (a)
shows the original signal. Graphs (b) through (d) show the sigmd show the estimated PDF. Note: The
Parzen window technique does not perform well around the edges of the distribution due to its averaging
nature.
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F@n-e 5: Comparison of the three PDF estimators on an exponentially distributed random signal. Graph
(a) shows the original sigmd. Graphs (b) through (d) show the signal show the estimated PDF. Note: The
Parzen window technique does not perform well around the discontinuity at the origin due to its averaging
nature.
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7.28 Powerspectrum

I fsignal powerspectrum (const fsigmal kInput) I

DESCRI PTION:
Compute the powerapectrum of the argument. If R = 13(z) 12,where 7(-) is the Fourier transform of the
sequence, then the fimction returns Rfnelemof (R).

7.29 Project

signal pro ject (const signal&Input,
const int Axis = Y_AXIS)

DESCRI PTION:
Project a 2D signal down to a ID signal by summing along the specified axis. By default the projection axis
is the Y-axis.
The result can be normalized by dividing by the axis dimension:

fsignal a( “test” ) , a.proj ;
a.proj = project(a , X_AXIS ) / dimof( a , X_AXIS ) ;

7.30 Replicate

signal replicate (const s~gnd Hnput,
const int N,
const int Axis)

DESCRIPTION N:
Createa two dimensionalsignalfroma onedimensionedsignalby replicatingitN timesalongthespecified
axis.
The argumentsare:

Input Sourcesignal.It can be eithera onedimensionalsignalor a two dimensioned
signalwithoneofitsdimensionsas1.

N Number oftimestoreplicatetheinput.
Axis Axisrdon~whichtorerdicate.Must be eitherX_AXISorYJXIS.
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signal resemple (const signal &Input,
const int NewDim,
const int Method = R-BILINEAR)

signal resample (const signal &Input,
const int *NewDim,

const int Method = RBILINEAR)

Resample the input si~duskg M-, bJme=or sptinek@Woltiion forl-,2-or~Dsi~ds. Allows the
signal to be changed to any arbitrary size. New sizes are specified by NewDim The first form resamples the
input so that all dimensions have size NewDim.The second form resamples the signal to the sizes specified
in the array NewDim.
Seealsothe magnifyo functioninSection7.19.
The argumentsare:

INewD3m The new signal dimensions. I
Method Resamplemethod.Mustbe oneofR-BILINEAR,IU3PLINE,R-REPLICATE,or

LZEROINS.These constants are described in Global Constants. Section 13.

7.32 Rotate

signal rotate (const signal&Input,

const float Angle)

signal rotate (const szgn~ &Input,
const flost Angle,

const int Xcenter,

const int Ycenter)

Rotate a signal. The first form rotates the input about its center. The second form rotates the input about
the specified center.
The arguments are:

Angle Rotation angle in degrees.
Xcenter X location of the center of rotation.
Ycent er Y location of the center of rotation.
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I sianal shift (COIMt S~(7nal &IIIDut.~ A.

const ~XShift,

const int YShift = o)

DESCRIPTION:
ShW a signal. Values shMed in are zeroed. Values shifted out are lost.

7.34 Smooth

signal smooth (const s@na/ &Input,
const int Xsize,
const int Ysize = o)

Smooth a signal by averaging with a moving rectangular
The arguments are:

window.

I Xsize IX-dimension of the smoothing window.
Ysize Y-dimension of the smoothing window. I
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7.35 Sum Magnitudes and Intensities of Signal Elements

double sumfabs (const signal &Input)

double sumint (const szgnal &Input)

DESCRIPTION:
sumfabs and sumint sum magnitudes and intensities (magnitude squared) of signal elements, respectively:

N–1
smnfabs(x)= ~ Iz(n)l

n=o

N-1
sumint(x) = ~ Iz(n)lz

n=o
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7.36 SNR

float Snr (const f s@nal &Input,
const f signal &Texnplat e,

const int Verbose = O,

const char *Basename = o)

DESCRI PTION:
Estimate the signal-to-noise ratio (snr) of a signal using a specified template. The function implements:

snr = (max(Rfi) - (~,))’

Var(Rpf~)

83

where & is the cros~correlation between the input and the template; and & is the cross-correlation
betweenthe estimate of the noise and the template.
The returned snr is in dB.
The arguments are:

Verbose Put the function in verbose mode. The function will report when either the input
signal or template need to be zero padded so they have identical dimensions.
Additionally, max(llti), < at >, and Var(RjV~) will be written to stdout.

Basename Base name under whkh intermediary signals should be saved. If set, the shifted
templated will be saved as Basename_Ts, the cross-correlation between the image
and template as BasenameRit,thetemplateautocorrelationasBasenameRtt,
and thenoiseestimateasBasename_NEst.

EXAMPLE

Thh codesegment:

int N = 10000 ;
flost

sd =2,
mO=O,
ml = mo + fi*sd,

var, mean ;

fsignal
temp( gaussianrandom(ml,
noise( gaussianrandom(mo,
signal( tamp + noise ) ;

/*

sd, N) ) ,
sd, N) ) ,

.

* Verify the statisticsof the two gaussians
*/

statistics(temp,&mean,&var) ;
fprintf(stdout,“Template:mean=%7.4f, var=%7.4f\n”,mean,var) ;

statistics(noise,&mean,&var) ;
fprintf(stdout,“Noise : mean=%7.4f, var=%7.4f\n\n”,mean,var) ;

I*



84 IDP++ version4.1- November 08, 1996- revision 1

* EstimatedSNR

*/
float SNR = snr( signal,temp, 1) ;

/*

* Actual SNR
*/

SNR = 10*loglO(N*pow(ml-m0,2)/(sd*sd)) ;
fprintf(stdout,’’ActualSNR = Z5.2f dB\n’’,SNR);

willproduce

Template:mean=10.0065,var= 4.0533
Noise : mean= 0.0396,var= 4.0413

Ritmax = 225.35
Rntmean= 1.78e-09
Rntvar = 1.52
SNR = 45.25 dB
Actual SNR = 53.98 d8
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7.37 Spectrogram
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csignal spectrogram (const fsignal &Input,
const int WindowSize,

const int WindowStep)

csignal spectrogram (const csignal &Input,
const int WindowSize,

const int WindowStep)

QEsmmmM
Compute thespectrograrn orwindowedFourier transibrmofalD signal.
Theargumentsare:

WindowSize Sizeofthewindow.
WindowStep Stepsizeby whkh thewindowlocationisincremented.
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statistics

statistics

void statistics (const fs@nal &Input,

float *Mean,

float *Varience,

const lnt IgnoreZeros = O)

void (const dsignal &Input,

double *Mean,

double *Variance,

const int IgnoreZeros = O)

void (const csignal &Input,

complex *Mean,
float *Variance,

const int IgnoreZeros = O)

void statistics (const dcsignal &Input,
dcomplex *Mean,

double *Variance,

const int IgnoreZeros = O)

QEwmmQN
Computethemean andvarianceofasignal.
Let~(n)be an A1-elementsignal.The mean isgivenby

. N-1

P = +-~.f(rd
nd)

= (f(n))

The varianceisgiven by

u’ = ; ~ (f(n) - p)’
n=O

= (f’(n)) -p’ .

Theargumentsare:

Mean Thesignalmean.
Variance Thesignalvariance.
IgnoreZeros Ifset, zero data values willbeleft out of the czdculations.

EXAMPLE:
Thk codesequence:
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int N = 20000 ;
fsignal

U( uniformraudom(lO,1, N) ),

g( gaussianrandom(2,2, N) );
csignal

Z(g, g);
float mean , var ;
complex zmean ;

statistics u , &mean , &var ) ;
fprintf(stdout,’’Uniformlydistributedrandom:\n”);
fprintf(stdout,”\tmean=’%6.5f,var=%8.5f,sd=%8.5f\n\n”,

mean,var,sqrt(var));

statistics g , &mean , kvar ) ;
fprintf(stdout,“Gaussiandistributedrandom:\n”) ;
fprintf(stdout,”\tmean=%8.5f,var=%8.5f,sd=%8.5f\n\n”,

mean,var,sqrt(var));

statistics z , &zmean , kvar ) ;
fprintf(stdout,’’Complexgaussiandistributedrandom:\n”);
fprintf(stdout,“\tmean=(%8.5f,%8.5f),var=%8.5f,sd=%8.5f\n”,

real(zmean),imag(zmean),var,sqrt(vsr));

produces:

Uniformlydistributedrandom:
mean= 9.99987, VSr= 0.08268,sd= 0.28754

Gaussiandistributedrandom:
mean= 2.01567,var= 4.07046, sd= 2.01754

Complex gaussian distributedrandom:
mean={ 2.01567,2.01567),vsr= 8.14093,sd= 2.85323
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signal threshold (const signal &Input,
const stwe Threshold.

const stype Value = 0.0 )

DESCRI PTION:
Threshold a signal by setting each element whose value is less than Threshold to Value.
The arguments are:

Threshold Value at which the data should be threaholded.
Value Optional value which should replace the thresholded elements.
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7.4o Fourier Transforms

lDP++ offers the following fsst Fourier transforms:

89

Real to complex with optional half-plane transform f f t;

Complex to complex f f t;

Half-plane complex to real hf f t;

Real to complex row transform of two dimensional data sets with optional half-plane transform roufif t;

Real to complex column transform of two dimensional data sets with optional half-plane transform
Colfif t ;

Complex to complex row transform of two dimensional data sets roufif t;

Complex to complex column transform of two dimensional data sets colfif t;

Half-plane complex to real row transform of two dimensional data sets row-hf f t;

Half-plane complex to complex column transform of two dimensional data sets col~f f t;

AU ofthesefunctionsimplementafsstFouriertmnsformusingLincolnLaboratory’sllfftcode[8]with
somemodificationsbyLawrenceLivermoreNationalLaboratory.Optionally,theyoffercontroloverthesign
ofthetransform,signmodulation[9]a.k.a.“toggling”tomovethetransformdomainorigintothecenterof
thedataset,andscaling.

Notes:

● ThescalingonthetransformisI/m whereN isthetotalnumberofpointsinthetransformeddata
set;

● Thesefunctionsimplicitlyzero-paddatasetswhosesisesarenotpowersoftwotothenearestpower
oftwo.

● Therearet,wosetsofFFT functionswhichperformidenticaltasksbuthavedifferentcallingsequences.
Thefirstsettakeonlytwoarguments:An inputsignalandalogicalOR codesequenceusedtospecify
theoperationofthetransformfunction.The secondsettskea longlistargumentsw controlthe
operation.

The codesusedinthefirstsetofFFT functionsare

CODE
FFT.TB
FFT-TA
FFTHP

FFTNM
FFT-SP
FFT-SN

Forexample,

fsignal Input ;
csignalResult ;

...

MEANING
‘lbggle input data set before transform.
Tbggle “input data set after transform.
Set half plane transform.
A real input will result in a complex half-plane output.
A complex input will result in a rerd output.
Normalize result.
Set transform sign positive.
Set transform sign negative.

Result = fft( Input , FFT.TB 1 FFT_Sp I FFT-HP ) ;
...
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would result in a hzdf-plane, positive sign transform with the input data set being toggled before the
FFT. Alternatively, you could write

fsignal Input ;
csignal Result ;
int code = FFT.TB [ FFT_SP [ FFT_HP ;

. . .
Result = fft( Input , code ) ;

. . .
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7.40.1 Column Fourier ‘lhnsforms

csignal Colfift (const fsignal kInput,

const Code = FFT-SNIFFT~)

csignal Colfift (const csignal &Input,

const Code = FFT-SNIFFT-N?4)

dcsignal col_fft (const dsignal &Input,

const Code = FFT-SNIFF%NM)

dcsignal Col-fft (const dcsignal &Input,
const Code = FFT_SNIFFT.NM)

zsignal Col-fft (fsignal &Input,
int Sign,

int PreToggle,
int PostToggle,

int HalfPlane,

int Normalize)

Csignal Col-fft (csignal &Input,

int Sign,

int PreToggle,

int PostToggle,

int HalfPlane,

int Normalize)

dcsignal Colfift (dsignal itInput,

int Sign,

int PreToggle,
int PostToggle,

int HalfPlane,

int Normalize)

dcsignal Col-fft (dsignal &Input,

int Sign,

int PreToggle,
int PostToggle,

int HalfPlane,

int Normalize)

DEuuuuw
Compute the Fourier transform ofeach ofthe columnsof atwodmensional signal.
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The argumentsare:

IDP++ version 4.1- November 08, 1996- revision 1

Code Operation code.
Sign The sign of the transform. This is the sign of i in the exponent.
PreToggle Ifsetto1,thedataaresignmodulated‘(toggled)beforetransformingtomove

theorigininthetransformtothecenterofthedataset.
PostToggle Ifsetto1,thedataaresignmodulated(toggled)aftertransformingtorestore

thedataset.
HalfPlane When setwitha realinput,a half-planetransformisreturned.When setwith

a complex input, thii indicates the data represent a half-plane transform.
Normalize When set, the transform is normalised.
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7.40.2 Half-Plane Column Fourier ‘Ihnsforms

fsignal Colxft (const csignal &Input,
const Code = FFT_SPIFFT_NM)

Idsignal Col-hfft (const dcsignal &Input,

const Code = FFT_sPIFFT_NM)

fsignal colJlfft (csignal &Input ,
int Sign,

int PreToggle,

int PostToggle,

int Normalize)

dsignal ( (dcsignal &Input ,
int Sign,

int PreToggle,

int PostToggle,

int Normalize)

colJlfft

Dmcm PTION:
C!omputetheinverse Fouriertransibrm ofathecolumnsof atvvodimensional complexsignal representing a
half-plane transforms.
The arguments are:

Code Operation code.
Sign The sign of the transform. This is the sign of i in the exponent.
PreToggle If set to 1, the data are sign modulated (toggled) before transforming to move

the origin in the transform to the center of the data set.
PostToggle If set to 1, the data are sign modulated (toggled) after transforming to restore

the data set.

Normalize When set, the transform ia normalized by l/@.
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7.40.3 Fourier Thnsform
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csignal fft (const
const

csignal fft (const

const

dcsignal fft (const

const

dcsignal fft (const

I const Code = FFT-SP!FFT.NM)

fft (fsignal &Input,csignal

fsignal &Input,

Code = FFT-SN \FFT-NM)

csignal &Input,

Code = FFTJ3PIFFT.NM)

dsignal &Input,

Code = FFT_SIJIFFTJOf)

dcslgnal &Input,

csignal

dcsignal

dcsignal

f f t

fft

fft

int Sign,

int PreToggle,

int PostToggle,

int HalfPlane,

int Normalize)

(csignal &Input,
int Sign,

int PreToggle,

int PostToggle,

int Normalize)

(dsignal &Input,

int Sign,

int PreToggle,

int PostToggle,

int HalfPlane,

int Normalize)

(dcsignal i%Input,

int Sign,

int PreToggle,

int PostToggle,
int Normalize>

DESCRIPTION:
Compute the Fourier transform ofasigd.
The arguments are:
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Code Operation code.
Sign The sign of the transform. This is the sign of i in the exponent.
PreToggle If set to 1, the data are sign modulated (toggled) before transforming to move

the origin in the transform to the center of the data set.
PostToggle If set to 1, the data are sign modulated (toggled) after transforming to restore

the data set.
HalfPlane When set with a real input, a half-plane transform is returned. When set with

a complex input, this indicates the data represent a half-plane transform.
Normalize When set. the transform is normalized bv lifi.
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7.40.4 Half-PlaneFourier‘lhnsforms

fsignal hf f t (const csignal &Input,

const Code = FFT.SP IFFT.NM)

dsignal hfft (const dcsignal &Input,

const Code = FFT_SPIFFT.NM)

rfsignal hfft (csignal &Input,
int Sign,

int PreToggle,

int PostToggle,
int Normalize)

dsignal hfft (dcsignal &Input,
int Sign,

int PreToggle,

int PostToggle,

int Normalize)

DESCRI PTION:
Computetheinverse Fourier transform ofacomplexsignal representing ahalf-plane transform.
Theargumentsanx

Code Operation code.
Sign The sign ofthe transform. This is the sign of iin the exponent.
PreToggle If set to 1, thedata are sign modulated (toggled) before transforming to move

the origin in the transform to the center of the data set.
PostToggle If set to 1, the data are sign modulated (toggled) after transforming to restore

the data set.
~ormalize When set. the transform is normalized bv Ilfi.
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7.40.5 Row Fourier ‘lhnsforms

csignal rowfift ( const fsignal &Input,
const Code = FFT3NIFFT-NM)

csignal rowfift (const csignal kInput,
const Code = FFT_SNIFFTJM)

dcsignal rowfift (const dsignal &Input,
const Code = FFT-SNIFFT.NM)

dcsignal rowfift (const dcsignal &Input,

const Code = FFTd3NIFFT-NM)

rowfift (fsignal &Input,:signal.

:signal

dcsignal

dcsignal

row_fft

rowfift

int Sign,

int PreToggle,
int PostToggle,

int HalfPlane,

int Normalize)

row-fft (csignal &Input,
int Sign,

int PreToggle,

int PostToggle,

int HalfPlane,

int Normalize)

(dsignal &Input,

int Sign,
int PreToggle,

int PostToggle,

int HalfPlane,
int Normalize)

(dcsignal &Input,
int Sign,

int PreToggle,
int PostToggle,

int HalfPlane,

int Normalize)

DEsaumm
Compute theFouriertransformofed oftherowsofatwo dimensionalsignal.
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The arguments are:

Code Operation code.
Sign The sign of the transform. Thk is the sign of i in the exponent.
Pr~Toggle Ifsetto1,thedataaresignmodulated(toggled)beforetransformingtomove

theorigininthetransformtothecenterofthedataset.
PostToggle Ifsetto1,thedataaresignmodulated(toggled)aftertransformingtorestore

the data set.
Half Plane When set with a reaJ input, a half-plane transform is returned. When set with

I a comDlexinDut,thisindicatesthedatarepresenta half-planetransform. I
Normalize When-set, the transform is normalized by l/@. -
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7.40.6 Half-PlaneRow Fourier‘Ihmsforms

fsignal row~ft (const csignal &Input,

const Code = FFT-SPIFFT_NM)

dsignal row-hfft (const dcsignal &Input,

const Code = FFT.SPiFFT-NM)

fsignal row~ft (csignal &Input ,
int Sigg,

int PreToggle,

int PostToggle,

int Normalize)

dsignal rowJfft (dcsignal &Input ,

int Sign,

int PreToggle,

int PostToggle,

int Normalize)

DES(7 RIPTION:
Compute the inverse Fourier transform oftherowsofatwo dimensional complex signal representing half-
pla.netransforms.
Theargumentssre:

Code Operation code.
Sign Thesign of the transform. Th~isthe sign ofiin the exponent.
PreToggle If set to 1, the data are sign modulated (toggled) before transforming to move

the origin in the transform to the center of the data set.

PostToggle If set to 1, the data are sign modulated (toggled) after transforming to restore
the data set.

Normalize When set,thetransformisnormalizedby l/fi.
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7.41 Order Statistic Filters

Order statistic filters ([4], [5]) operate on ordered sub-sets of the data. Given a set of data points, xi, i =
0,1 ,. ... n – 1, the i-th order statistic, x(i), is the i-th element after the set ofdata points have been ordered
from lowest to highest in value.
The order statistic filters in IDP++ operate on regions of the data, replaciig the center pixel by the selected
order statistic of the region.
There are five order statistic filters:

● MIN;

● MAX;

● Median;

● a-lkiimed Mean;

● Ed~llimmed Mean.

The MIN and MAX filters select the lowest, Z(O), and the highest, z(n.1) order statistic respectively.
The trimming filters peribrm arithmetic averages of sub-sets of the ordered statistics. They require a pa-
rameter speci~g the percentage of points to trim out.

7.41.1 a-!himmed Mean

f signal atmean (const fsignal &Input,
const flost alpha,
const int XRegion ,
const int YRegion = O)

dsignal atmean (const dsignal &Input,
const double alpha,

const int XRegion ,

const int YRegion = O)

~
Perfbrmana-trimmedmeanofthesignal.Thea-trimmedmeanofasetofn values is:

(1–a)n–l .

a selects the percentage of order statistics at each end of the set to eliminate from the average. Note: For a =
O, Z. reduces to the arithmetic mean, and as a ~ 0.5, i.e. 50% trimming from emh end, Z. + median (zi).



102

7.41.2 Edge-Tkimmed Mean
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fsignal etmean (const fsignal &Input,
const float alpha,

const int XRegion ,

const int YRegion = O)

dsipal etmean (const dsignal &Input,
const double alpha,

const int XRegion ,

const int YRegion = O)

DES CR.IPTION:
Perform an edge-trimmed mean ofthe signal. The edge-trimmed mean ofaset ofn values is:

{

‘+ x~~~~.z(i) ‘1 s OJ<0
Za =

+ ~~!~-l z(i) O<a<l

The edgetrimmed mean filter eliminates a percentage of data points from one or the other edge of the
distribution. a selects the percentage. As a matter of bookkeeping, negative a trims the low end of the
distribution, and positive a trims the high end. Note: For a = 1, i.e. 100%, ?G reduces to the arithmetic
mean.

7.41.3 MAX Filter

I fsignal MAX (const f signal &Input,

const int XRegion ,

const int YRegion = O)

dsignal MAX (const dsignal &Input,
const int XRegion ,

const int YRegion = O)

Perform a MAX filter of the data set. The MAX filter selects the highest order statistic of the region, z(n_ 1,.
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7.41.4 MedianFilter

103

f signal median (const fsignal &Input,
const int XRegion ,

const int YRegion = O)

dsignal median (const dsignal &Input,
const i.nt XRegion ,

const int YRegion = O);

DIMCRI PTION:
Perform amedianfilter of the signal. The median ofasetofnvalues is:

{

x(v) n=zv+l

med(zi) =
~(z(p-l)+z(v)) n=2v

The median selects the middle value or average of the two middle values if the number of points is even,

7.41.5 MIPI Falter

I fsignal MIN (const fsignal &Input,
const int XRegion ,

const int Y’Region= O)

dsignal MIN (const dsignal &Input,
const int XRegion ,

const int YReEion = O)

DESCRIPTION:
Perform a MIN filter of the data set. The MIN iilter selects the lowest order statistic of the region, Z(0).
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7.42 Signal Padding

Thesefunctionszero-padsignalsinvariousmanners:

● Rightorrightand bottompadding;

● Centerpaddin~

● Zero-padwithwrapping(1D only).

7.42.1 CenterPadding

signal centerpad (const signal &Input ,
const int xsize ,
const int ysize = O,

const int zsize = O,

const int tsize = o)

I sianal centerDad (const sianaz &InDut. const int *Dim)

D13SCFUPTION:
Center-pad a signal, i.e. pad around its edges to the specified dimensions.
The first form accepts the new dimensions separately.
The second form accepts the new dimensions in the array Dim which must be of at least
size ndimof(Input).

7.42.2 Wrap-Around Padding

signal wrappad (const signal &Input,
const int xsize,
const int xstart)

IEMmmKm
Zero-pad a lD signal to size xsize starting at element xstart wrapping around to the beginning if
dimof (Input, X&IS) > xsize.
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7.42.3 Zero Padding
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sxanal

signal

Iw

zeropad

zeropad

zeropad

(const szgnai&Input,

const int xsize ,

const int ysize = O,

const int zsize = O,

const int tsize = O)

(Const szgnal&Input, const int *Dim)

(const signal&Input,
const int *Dim,

const int *Location)

DESC RIPTION:
Zero-padasignal.
The f5nstform accepts the new dimensions separately and pads the right orright and bottom.
Thesecond form accepts the new dimensions inthearray Dimwhich must be of at lesst size
ndimof ( Input ) and pads the right or right and bottom.
The third form accepts a starting location and pads around the input.
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7.43 Spline Interpolation

Thesefunctionsperformcubicsplineinterpolations,and computesplinecoefficientsand subsequentlyeval-
uatethem.
The coefficientsbi, q, and ~, i = 0,1, . . . . IV – 1 are computedfora cubicinterpolatingspline

IVisthe numberofdatapointaorknots(n~ 2),~iaretheabscissasoftheknotsinstrictlyincreasingorder,
andy~aretheordinatesoftheknots.
bi, q, and di are the splinecoefficientsasdefinedabove.
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7.43.1 Evaluate Spline

These functions provide three methods for evaluating splines once the coefficients have been computed.
See Section 12.9 for a single point evaluation.

float evaluate (const f lost xvalue,

const int N,

const float *x,

const float *y,

const float *b,

const float *c,

const float *d)

evaluatedouble (const double xvalue,
const int N,

const double *x,

const double *y,
const double *b,
const double *c,

const double *d)

Givenan arrayofX,Y pairs,andsplinecoefficients,computethevalueofinterpolationatthespecified
pointxvalue.

xvalue X-valuewhereinterpolationisperformed.
N Sizeofdataarrays -
x Pointer to theexiating X-values. These aretheknots ofthespline.

Y Pointer to the existing Y-values.
b Pointer to b coefficients.
c Pointer to c coefficients.
d Pointer to d coefficients.

float evaluate (const flost xvalue,
const fsignal &X,

const fsignal %Y,
const fsignal &Coefficients)

double evaluate (const double xvalue,
const dsignal kX,

const dsignal U,

const dsimal &Coefficients>
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fsignal evaluate (const fsignal &Xvalues,

const fsignal.&X,

const fsignal &Y,

const fsignal &Coefficients)

dsignal evaluate (const dsignal &Xvalues,
const dsignal &X,

const dsignal &Y,
const dsignal &Coefficients)

IuwREnm
The evaluatefunction evaluatesaspline ataspecifiedvalue orsequenceofvalues giventheknotssnd spline
coefhients. The coefficients are returned by the spline function (Section 7.43.3).

xvalue X-value where the apline is to be evaluated.
Xvalues S@al of X-values where the spline is to be evaluated.
x Signal of existing X-values. These are the knots of the spline.
Y Signal of existing Y-values.
Coefficients Signal of b, c, d, coefficients as returned by the spline fhnction.
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7.43.2 Interpolate

fsignal interpolate (const fsignal &X,

const fsignal &Y,

const int IV,

const float Origin,

const float Interval)

dsignal interpolate (const dsignal &X,

const dsignal &Y,

const int N,

const float Origin,

const float Interval)

fsignal interpolate (const float *X,
const float *Y,

const int Npts,
const int N,
const float Origin,
const float Interval)

dsignal interpolate (const double *X,
const double *Y,

const int Npts,

const int N,

const float Origin,

const float Interval)

DESCRIPTION:
Gkenalistofknots, eitherassignalsor arrays,anorigin, aninterval,anda signalsize,return asignal
interpolatedat fixed intervals from the origin.
Thus ifzo mdAz=adata o@nmdbtervd, rmpectively, meaWasi~d whl&isinterpolated ushg
theknotsby successivelyevaluatingasplineatzO+nAz, n= 0,1,...,I1-1.

x X-valueswherethesplineistoreevaluated.
Y Y-values.
Npts Sizeofinputarrays(ifnotsignals).
N Sizeofreturnedsignal.
Origin Originofreturnedsignal.
Interval SamrJeintervalofreturnedsimml.
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7.43.3 Computation ofSplineCoefficients
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fsignal spline (const float *x,
const float *y,

const int N)

dsignal spline (const double *x,
const double *y,

const int N)

DESCRI PTION:
Given a list of X, Y paira, return a 2D, N by 3, signsl of spliie coefficients.

fsignal spline (const fsignal &X, const fsignal &Y)
dsignal spline (const dsignal &X, const dsignal &Y)

DEwmmQN
Given a list of X, Y pairs, return a 2D N by 3 signal of spline coefficients.

fsignal spline (const fsigmal &Input,
fsignal &X, fsignal &Y)

dsignal spline (const dsignal &Input,
dsignal &X, dsignal &Y)

DESCR.I PTION:
Compute spline coefficients for an input signal.
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Random Number Generators

ClassA RandomNumbers
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fsignal classArandom (const f lost A,

coast float Gamma,

const int XDim)

fsignal classArandom (const f lost A,

const f lost Gamma,

const float Sigma,

const int XDim)

DESCRI PTION:
This function returns a field of Class A [7] random numbers generated by the Two-Term Approximation
(TTA) to the Class A tilbution.
The first form uses the two-parameter TTA:

~-A _~ l–e-A -$
W(X I A, I”) = —&gl e ’01 + &02 ‘ 2

where

2_ Ar”+l
u~ —

A(r’ + 1)

This two-sided distribution hss zero mean. Its variance is:

L?a =
Ar’+l-e-A

A(l? + 1)

The second form uses the three-parameter form:

‘–A .+ + ~_e–A .2
W(ZIA, I’’,aJ = — 2-* -~

/%(7, e WFu, ce

where

r’2_
‘9 — r’+1

c?= 1++

The variance of the three-parameter form is:

02 = aj(e-A+ (1 – e-A)c2)

Note:

jixrlow(z I A,r’, cJg) = Aqo, ug)

whereM(O,U9)isa zero-meanGausskm withst~dmd deviationofug
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7.44.2 ExponentiallyDistributedRandom Numbers

fsignal exprandom (const float theta, const int N)

fsignal exprandom (const fsigmJ-& theta)

DESC RIPTION:
Return a signal of exponentially distributed random numbers. The first form uses the scalar theta as the
global mean. The second form uses the signal theta as point means. F@re 6 shows a sample data set with
estimated probability density function.
The functional form of the distribution is

with mean and variance

P=@

u’ = 02.

Exponential Distribution
SampleMe

‘5”0~
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5.0

0.0 lllllli
o mm 4000 6000

@of ProbebifityDenetfyFunofion

Illlli.
1030

10

10°

10-’

104

104

104
Exsof: 1.0000 1.0000

104

i 04
0.0 5.0 10.0

Puelvalue
F@ure 6: Sample exponentially-distributed random data set.
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7.44.3 Gamma RandomNumbers
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gammarandom

gammarandom

float gammarandom (const float Alpha,
const float Beta,

const int *seed)

fsignal (const f lost Alpha,

const float Beta,

const int NDim,

const int *Dim)

fsignal (const float Alpha,
const float Beta,

const int Nx,

const int Ny = O,

const int Nz = O,

const int Nt = o)

DESCR.I PTION:
Compute a gammdistributed random variable. The distribution is

f(z)=*z”-le-’/B ~>o

Themeanisa~and thevsrianceisa~2.
The first form returns a single random number. The second form returns a signal of random numbers.
F@e 7 shows a sample data set with estimated probability density function. -
The arguments =:

Alpha The alpha parameter of the distribution.
Bet a The beta parameter of the distribution.
NDim The dimensionality of the result.
Dim An array of size of at least NDimcontainingthedimensionsoftheresult.
Nx X-dimensionoftheresult.
Ny Y-dimensionoftheresult.
Nz Z-dimensionoftheresult.
Nt t-dimensionoftheresult.
seed Optionalseedtorandomizethegeneration.Must belessthanzero.
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Gamma Distribution
sample Data
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0.0
0 2000 4000 6000 8000 I@oo

ProbabMy t)ens”~ Function

0.50

0.40

0.30 - Mean Vsriance

Exact: 2.0000 1.oow
0.20 sample: 1.9966 0.9888

0.10

0.00
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Pmelvalue
F@n-e 7 Sample gamma-distributed random data set.
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7.44.4 Gaussian Random Numbers
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double gaussianrandom (int *seed)

float gaussianrandom (const float Mean,
const flost SD, int *seed)

fsignal gaussianrandom (const fsignal &Mean,
const fsignal &SD)

fsignal gaussianrandom (const float Mean,
const float SD,

const int NDim,

const int *Dim)

fsignal gaussianrandom (const fsignal &Mean,
const float SD)

fsignal gaussianrandom (const float Mean,
const float SD,

const int Nx,

const int Ny = O,

const int Nz = O,

const int Nt = o)

DESCRI PTION:
Generate Gausaian random variablea. The first form returns a zero-mean unit-variance Gaussian random
number.Thesecondformreturnsarandomnumberhavingthespecifiedmeanandstandarddeviation.The
lastthreeformareturnsignalswhmetiu= havethemeas adstmdmd devitiionsspetifitibytheMem
and SD signalsrespectively.

The arguments are:

Mean Ehher a mean value or a signal speci@g the means of each point.
SD Either a standard deviation value or a signal specifying the standard deviations

of each point.
NDim The dimensionality of the result.
Dim An array of size of at least NDi.mcontainingthedimensionsoftheresult.
Nx X-dimensionoftheresult.
Ny Y-dimensionoftheresult.
Nz Z-dmensionoftheresult.
Nt t-dimensionoftheresult.
seed Optionalseedtorandomizethegeneration.Must be leasthanzero.
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7.44.5 K-DistributedRandom Numbers
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fsignal Krandom (const int Sided,
const float nu,

const float b,

const int N)

DESCRIP TION:
Return a signal of one- or two-sided K-lXstributed random numbers. The choice of distribution is made bv
settingSidedtoeither1 or2.PlotsofsampledatasetswithestimateddistributionssreshowninF@mes ~
and 9.
The functionedformoftheone-sideddistributionis

withmean and variance

~=:

# _ U(V+ 2)
—

P

At the origin

limw(r Iv,b) =
r(v – I)

r-o r(v)

The functional form of the two-sided distribution is

2~(#-~) b~(~~~)
W(Z I v, b) =

fir(~)
lzlv-’/2 Kv_@ Izl)

withvariance

u’=+’

At the origin

lim W(Z I v,b) =
[

b r(v – +)
z+0 % r(~)

Note that as v + 00, W(Z I v, b) approachesa zero-meanunit-varianceGaussian.
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7.44.6 Uniform Random Numbers

float uniformrandom (const float mean,

const float Range,

int *seed )

fsignal unif ormrandom (const fslgnal &Mean,

const float Range)

fsignal unif ormrandom (const f lost mean,

const float Range,

const lnt NDim,

const int *Dim)

fsignal unif ormrandom (const float mean,

const float Range,

const int Nx,

const lnt Ny = O,

const int Nz = O,

const lnt Nt = O)

Compute a uniformly-distributed random variable. The first form returns a single random number. The
second firm returns a signal of random numbers using the signal Mean for the mean values for each point.
The output numbers are generated using

y=(lilz )-p

where q is the returned value, R is the range, u is the mean, and x is a random variable uniformly distributed
on [–05, 0.5].
The arguments are:

mean The distribution mean.
Range The distribution range.
Uean Signal of means for each point.
mim Dmensionshty of the result.
Dim An array of size of at least NDimcontaining the dimensions of the result.
Nx X-dimension of the result.
Ny Y-dimension of the result.
Nz Z-dimension of the result.
Nt t-dimension of the result.
seed Optional seed to rsndomize the gene~ation. Must be less than zero. Positive

seeds will be converted to negative.
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7.45 Matrix Operations

TheIDP++ matrix operation functions consist ofi

● Vector (dot) inner products, inner ;

● Euclidean norms, enomn ;

● Compute the determinant of a matrix, det ;

● General ‘A x minus y“ where A is a matrix and, x and y are vectors, gaxmy ;

● General “A x plus yn where A is a matrix and, x and y are vectors, gsxpy ;

● A function to print a signal in a matrix fixrnat, matrixform;

● Matrix-matrix multiply, mm;

● A transpose which returns a new signal, transpose, and an in-place transpose whkh over-writes the
input in order to save memory, iptranspose ;

● A weighted inner product, “x-transpose A y“ where A is a matrix and, x and y are vectors, xtay;

● Matrix inverse, inverse;

● Identity matrix generator, identity;

● Matrix equation solver, solve.

7.45.1 Identity Matrix

Ifloat identity (const int Rows, const int Cols = O) I

DESCRI PTION:
Generate a Rows by Cols identity matrix. If Cols is zero, a square Rows by Rowsmatrix will be created.
Note, identity matrices of the three other sigrd types can be generated by appropriate casting:

dsignal dI = dsignal( identity(4, 6) ) ;
csignal CI = csignal( identity(10) ) ;
dcsignalZI = dcsignal(identity(5, 3) ) ;“
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‘7.45.2Matrix Inverse
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signal inverse (const s@nal &A)
signal inverse (const signal 8rA, const stype *Determinant)

int ipinverse (signal&A)
int ipinverse (s@nalkA, const stype*Determinant)

DESCIUPTION:
Returntheinverseofasquarematrix.Thesefunctionswilloptionallyretumthedeterminantifapointeris
supplied.
ipinverseperformsan in-placeinverseover-writingtheoriginaldatainordertosavememory. Itreturns
SUCCESSupon successfulinversionand FAILUREotherwise.Note:Followinga failure,theoriginalmatrix
datamay be corrupted.
ThesefunctionscalltheLINPACK Netlibroutinescgefa and cgediwherecisoneofs (forflost),d (for
double),c (forcomplex),and z (fordcomplex).

7.45.3 Matrix Equation Solver

signal solve (const signal kA, const szgnal%b)

int ipsolve (const signal%A, s@nal &b)

DESCRIPTION:
SolvethesystemAZ = h
ipsolveperformsan in-placesolveover-writingtheoriginalb vectordatainorderto savememory. It
returnsSUCCESSupon successfulsolutionandFAILUREotherwise.
ThisfunctioncallstheLINPACK Netlibroutinescgecoand cgeslwherecisoneofs (forfloat),d (for
double),c (forcomplex),and z (fordcomplex).



lDP++ version 4.1- November 08, 1996- revision 1

7.45.4 Vector Inner Product

stype inner (const signal &x, const signal &y) I

DESC RIPTION:
Vector inner products. For real signals, the result is

For complex signals, the x signal is conjugated:

r =

=

N– 1

~ x[nly[nl
n=Q

N-1

~ z*ln19[nl
ndl

7.45.5 Euclidean Norm

double enorm (const signal &x) I

DESCRIPTION:
Eu&ldean norm:

r = Ilql

4
N-1

= ~ M41
n=il
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7.45.6 Determinant
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stype det (const signal &A) I

DESCRIPTION:
Compute the determinant of the square matrix.
This function calls the LINPACK NetLib routines cgef a and cgedi where c is one ofs (for float), d (for
double), c (for complex), and z (for dcomplex).

7.45.7 GAXMY

signal gaxmy (signal kA, signal %x, signal &y) I

DHCRWTIO N:
General “A x minus y“ where A is a matrix, and x and y are vectors.

7.45.8 GAXPY

signal gaxpy (signal %A, signal &x, signal &y)

signal gaxpy (signal &A, signal %x)

DES CR.IPTION:
General “Ax plus y“ where A is a matrix, and x and y are vectors. The second form implements “A x“, i.e.
the case where the y vector is zero.
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7.45.9 matrixform

void matrixform (const signal &h,

const char* format,

const FILE* fp=stdout)

DESC RIPTION:
Write a signal in a matrix firm using the specified print format. The default is to write to stdout although
any open file pointer can be used.
format can be any fprintf format but must be able to accommodate the signal’s data type: real or complex.

AMPL E

Let

[

l+i 2+i2 3+i3
c= 4+i4 5+25 6+i6

7+i7 8+i8 9+i9 1
Then if A is au fsignalandC a csignal,thefollowingcode

fprintf(stdout,“A is:\n”) ;
matrixform(A , “7S.Of” ) ;
fprintf(stdout,“\n”) ;
matrixform(C , “(x3.of,%3.of) “ ) ;
fprintf(stdout,“C is:\n”) ;

wouldproduce:

A is:
1234
5678
9 10 11 12

C is:
(1,1)(2,2)(3,3)
(4,4)(5,5)(6,6)
(7,7)(8,8)(9,9)
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7.45.10 Matrix-Matrix Multiply

signal mmm (signal %A, signal %B)

DESCRIPTION:
Matrix-matrix multiply.

7.45.11 ‘Ihnspoee Functions

signal transpose (const signal &A)

int iptranspose (signal&A)

DEWRI PTION:
!lhnspoae a signal.
trsnspose returns a new signsl. iptranspose performs an in-place transpose, over-writing the original
data. ItreturnsSUCCESSupon successfulcompletionand FAILUREotherwise.
Note,an N-elementlD signalwillbecomea lxN element2D signal.
iptransposeusestheTOMS Netlibroutine513toperformthein-plaintransform.
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7.45.12 Weighted Inner Product

st ype xt ay (const signal &x,

const signal %A,

const signal &y)

stype xt ay (const signal %x,

const signal%A)

DESCRIPTION:
Weighted inner product. For real signals:

r = 2.A.~
M-1 N-1

= ~ ~ z[rr&4[m,rz]Y[n]

m.o ndj

For complex signals, the x signal is conjugated:

M–1 N-1

~ ~ z’[r+i[rn,n]y[rz]
m.O n=o

The two argument form of the function implements:

r = S.A-S
M–1 M–1

= ~ ~ z[+i[m,n]+a]
fn=on.o

for real signals, and

‘r = F“.A.2
M-1 M–1

= ~ ~ x“[rr++n,n]z[n]

for complex
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7.46 Function Generators

These functions return fields used for simulation and windows.
The sigmd processing window functions (bartlett, blackman, hamming, harming, mkbox, mkcircle,
mkellipse, and mkgauss) return one-or two-dimensional sigmds as a function of pixel value, m or (m, n).
The simulation functions (mkchirp, mkcos, mkeuler, mkfield, mkramp,mksin, and mksqruv) return one- or
two-dimensional fielda as a function of coordinate value, z = m h, or (z, g) = (m, n) h, where h isthe sample
interval.
Note, throughout thb section, the following notation is used:

r is the function sample rate, unifbrm in x and y.
h = I/r is the sample interval, uniform in x and y.
m is the x pixel value.
n is the y pixel value.
z =mh isthex coordinatevalue.
y=nh isthey coordinatevalue.

e is the orientation of the wave vector in degrees.
k, = cos(n@/ 180) is the x-component of the unit wave vector.
kv = sin(m9/ 180) ia the y-componentoftheunitwavevector.

7.46.1 Bartlett Wkdow

Ifsignal bartlett (const int Nx, const int Ny = O) I
Ifsignal bartlett (const int NDim, const int *Dim) I

DESCRI PTION:
Create a 1- or 2D Bartlett window. The first form requires the result dimensions to be spechied separately.
If Ny is left unspecified, a lD signal ia returned. The second form requires a dimensionality and an array of
dimensions.
For a data set of size N,, the Bartlett window is described by

{

7?% o<rn<-— -2

w(m) =
‘–l<rn<Nz-l2–* ~– –

The arguments are:

Nx Size of the X-dimension in pixels.
Ny Size of the Y-dimension in pixels. .
NDim Dimensionahty of the result. Thk cam be either 1 or 2.
Dim Pointer to an intarray of at least NDimelements containingtheresultdimensions.
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7.46.2 Blackman Window

fsignal blackman (const int Nx, const int Ny = O)
fsignal blackman (const int NDim, const int *Dim)

DESCRIPTION:
Create a 1- or 2D Blackman window. The first form requires the result dimensions to be specified separately.
If Ny is left unspecified, a ID signal is returned. The second form requires a dimensionahy and an array of
dimensions.
For a data set of size ~=, the Blackman window is described by

W(m) = 0.42 – 0.5 COS
(=)+008”s(s)

The arguments are:

Nx Size of the X-dimension in pixels.
Ny Sii of the Y-dimension in pixels.
NDim Dimensionality of the result. This can be either 1 or 2.
Dim Po”mterta an int array of at least NDi.melements containhg the result dimensions.
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7.46.3 Hamming Window

fsignal hamming (const int Nx, const int Ny = O)
fsignal hamming (const int NDim, const int *Dim)

DESCR,I PTION:
Create a 1- or 2D Hamming window. The first hrm requires the result dimensions to be specified separately.
If tly is left unspecified, a lD signal ia returned. The second fbrm requires a dimensionality and an array of
dimensions.
For a data set of size N=, the Hamming window is described by

w(m) ()= 0.54-0.46 COS %
z

The arguments are:

Nx She oftheX-dimension in pixels.
Ny Si of the Y-dimension in pixels.
NDim Dnensiona!ity of the result. This can be either 1 or 2.
Dim Pointer to an intarray of at least NDimelements containing the result dimensions.

EXAMELE
Apply a Hamming window to taper a signal before Fourier transforming:

fsignal x ;
csignal x_fft ;
// x is set somewhere
x_fft = fft( x * hammhg( ndimof( x ) , dimof( x ) ) ) ;



IDP++ version 4.1- November08, 1996- revision 1132

7.46.4 Harming Window

fsignal banning (const int Nx, const int Ny = O)

fsignal banning (const i.nt NDim, const int *Dim)

DESCRIPTION:
Create a 1- or 2D Harming window. The first hrm requires the result dimensions to be specified separately.
If Ny is left unspecified, a lD signal is returned. The second form requires a dimensionality and an array of
dimensions.
Fora datasetofsizeIV.,theHarmingwindowisdescribedby

“m’=@’s(#Jl
The arguments are:

Nx Size of the X-dimension in pixels.
Ny Sii of the Y-dimension in pixels.
NDim Dimensionslity of the result. This can be either 1 or 2.
Dim Pointer to an intarray of at least IiDimelementscontainkgtheresultdimensions.

Eau.wLE:
Apply a Harming window to taper a signal before Fourier transforming:

fsignal x ;
csignal x.fft ;

// x is set somewhere
X.fft = fft( x * hanning(ndimof(x ) , dimof(x ) ) ) ;



IDP++ version 4.1-November 08, 1996- revision 1

7.46.5 Make a Box
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mkbox

fsignal mkbox (const int NDim,
const int.*Dim,

const int *BoxSize,
const int PutInCorner = O)

fsignal (const int Nx ,

const int NyOrBx ,

const int Bx = O ,

const int By = O ,
const int PutInCorner = o)

DESCRIPTION:
Create al-or 2D box window. The firatform accepta theresult and boxdimensions aselements of arrays.
The second form specifies the dimensions separately.
The arguments are:

Noim The dimensionality of the result.
Dim Array of at least sise Illlim specifying the result dimensions.
BoxSize Array of at least size Mllimspecifying the box dimensions.
Nx X-dimension of result.
NyOrBx Y-dimension for 2D result or X-dimension of box for ID result.
Bx X-dimension of box.
By Y-dimension of box.
Put InCorner Specifies the box should be put in the corner of the result otherwise it is centered.
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7.46.6 Make a Chirp
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Ifsignal mkchirp (const float fO,
const

const

const

const

const

fsignal mkchirp (const
const
const

const

const
const

float ChirpRate,

float Rate,

i.nt NDim,

int *Dim,

float Orientation)

float fO,

float ChirpRate,

float Rate,

int Nx,

int Ny = O,

float Orientation = o)I

DESCRIPTION:
Createal-,or2D chiisignal.
If fO is thebasefrequencyinHertz,anda thec.ldrprateinHertzpersecond,thenmkchirpreturnsasampled
versionof

sin(27r(fo+ a x/2)z) inlD,and

sin(2r (~.+ a (k=z + kvy)/2)(k.z + )cVy)) in2D.
The argumentsare:

fo Basefrequencyofthechrp inHertz.

ChirpRate ChirprateinHertzpersecond.
SampleRate Rateatwhichthecldrpshouldbe sampledinHertz.
NDim The dimensionality of the result.
Dim Array of at least size NDim specifying the result dimensions.
Nx X-dimension of the result.
Ny Y-dimension of the result.
Orientation Applies to 2D results. Specifies the orientation in degrees of the plane wave.

This is the wave vector.
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7.46.7 Make a Circleor Sphere

fsignal mkcircle (const f lost Radius,

const int NDi.m,

const int *Dim)

fsignal mkcircle (const float Radius,

const int NDim,

const int *Dim,

const int *Center)
fsignal mkcircle (const float Radius,

const int Nx,
const int Ny,
const int Nz = 0)

DESCRIPTION:
Createa2-,or3D circular window.
Thlsfunctionwill fillinan areaorvolume accordingto

(z–zc)2+(y-yc)2 < 1

for two dimension and

(z - ZC)2 + (y – yc)a + (z – 2=)2 < 1

for three; where z=, y=, z. represent the pixel center of the circle.
The arguments are:

t Radius Radius of the window.
NDim The dimensionality of the result.
Dim Array of at least size NDimspeci~lng the result dimensions.
Cent er Array of at least size NDimspecifying the location of the center of the circle or

sphere.
Nx X-dimension of the result.
Ny Y-dimension of the result.
Nz Z-dimension of the result.
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7.46.8 Make a Cosine

fsignal mkcos (const float Frequency,

const float SampleRate,

const int NDim,

const int *Dim,

const float Orientation,

const float Phase)

fsignal. mkcos (const float Frequency,

const float SampleRate,

const int Nx,

const lnt Ny = O,

const float Orientation = O,

const float Phase = ())

DESCRIPTION:
Createal-,or2D cosine signal.
If~istheffequency in Hertz, and# thephase, then mkcos returns:

cos(27rj (z + @)) in lD, and
cos(27r~(kzz +kvy + #))in2D.

Theargumentsare:

Frequency FrequencyofthecosineinHertz.
SampleRate Rate at which the cosine shouldbe sampled in Hertz.
NDim The dimensionality ofthe result.
Dim Array of at least size NDimspecifykg the result dimensions.
Nx X-dimension of the result.
Ny Y-dimension of the result.
Orientation Applies to 2D results. Specifies the orientation in degrees of the plane wave.

This is the wave vector.
Phase Phaseofthecosine.
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r.46.9 M~e an Ellipse or oblate Spheroid

fsignal mkellipse (const int NDim,

const int *Dim,

const float *Axes)

fsignal mkellipse (Const lnt NDim,

const int *Dim,

const float *Axes,

const int *Center)

fsignal mkellipse (const int Nx,
const int Ny,

const float NzOrA,

const float AOrB = -1,

const float B = -1,

const float C = -1)

DESCRI PTION:
Createa2-,or3D fillede~lpse.
Thlsfunctionwill iillinan areaorvolume accordingto

(x- xc)’+(Y-YC)’ < ~
=2 /P–

fortwodimensionqand

(z- xc)’+(Y-VC)’+(-C)’ < ~
~’ b’ c’–

for three; where z., vC, ZCrepresent the pixel center of the ellipse.
The arguments are:

NDim The dimensionality of the result.
Dim Array of at least size NDimspecifykg the result dimensions.
Axes Array of at least size NDimspeci~lngthemajoraxes,a,b,andc (seebelow).
Center ArrayofatleastsizeNDimspecifyhg the location of the center of the ellipse.
Nx X-dimensionoftheresult.
Ny Y-dimension of the result.
NzOrA Z-dimension of the result for three dimensions or the X major axis for two.
AOrB The X major axis for three dimensions or the Y major axis for two.
B The Y major axis for three dimensions,
c The Z major axis for three dimensions.
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7.46.10 Make a Complex Wave
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csignal mkeuler (const f lost Frequency,
const

const

const

const

const

csignal mkeuler (const
const
const

const

const

const

f lost SampleRate,

int NDim,
int *Dim,
float Orientation,

float Phase)

float Frequency,

flost SampleRate,

int Nx,
int Ny = O,

float Orientation = O,

float Phase = O)

DESCRIPTION:
Create a 1-, or 2D Euler signal.
If ~ is the frequency in Hertz, and # the phase, then mkeuler returns:

exp(2 n ~ (z + ~)) in lD, and
exp(2 m ~ (k= z + kv y + #)) in 2D.

The arguments are:

Frequency I%equency of the complex wave in Hertz.
SampleRate Rate at which the wave should be sampled in Hertz.
NDim The dimensionality of the result.
Dim Array of at least size NDimspecifyhg the result dimensions.
Nx X-dimension of the result.
Ny Y-dimension of the result.
Orientation Applies to 2D results. Specifies the orientation in degrees of the plane wave.

Thk is the wave vector.
Phase Phase of the wave.
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7.46.11 Make a Fnnction
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fsignal mkfield (const flost Slope,
const flost SampleRate,

const int NDim,

const int *Dim,
const float Orientation,

const float Delay,
double (*Function) (double))

DESCRI PTION:
Create al-, or 2Dfield signal using the function Functionto generate thevalues. Let F(z) be thefunction,
s be the slope, and dthe delay, then mkfieldretums

E’(S(Z + d)) in ID, and
F(s(kzz + Icvy +d)) in2D.

The arguments are:

Slope Slopej s, of the function. This has units of l/x. Fbr example, Slope could be
units of Hertz if Function were sin.

SampleRate Rate, r, at whkh the function should be sampled. Tlis has units of I/x so that
the sample interval, h, has units of z. The sample rate is the same for both x
and y in two dimensional results.

NDim The dimensionality of the result.
Dim Array of at least size NDimspecifyhg the result dimensions.
Orientation Applies to two dimensional results. Specifies the orientation in degreea of the

function. This is the angle of the wave vector. 8 in the description.
Delay Delay, d, of the function. This is a constant value added to the argument of the

function.
Function double function taking a single double argument to be used to compute the

result. F(z) in the description.
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7.46.12 Make a Gaussian
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fsignal mkgauss (const double SD,

const int NDim,

const int *Dim)
fsignal mkgauss (const double SD,

const int Nx,
const int Ny = O,

const int Nz = o)

DESCRI PTION:
Create al-, 2-,or 3D Gaussian window.
The arguments are:

SD Standard deviation ofthe window.
NDi.m Thedimensionality oftheresult.
Dim Array of at least size NDimspecifykg the result dimensions.
Nx X-size of the window.
Ny Y-size of the window.
Nz Z-size of the window.
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r.46.13 Make a Ramp

fsignal mkramp (const flost Slope,
const flost Intercept,

const float SampleRate,

const int NDim,

const int *Dim,

const float Orientation)

fsignal mkramp (const flost Slope,
const float Intercept,
const float SampleRate,

const int Nx,

const int Ny = O,

const float Orientation = O)

DESCRIPTION:
Createal-,or2D rampsignal.Ifs istheslope,andb theintercept,then mkrampreturns

Sz+b in lD,and
S(k=z + kuy)+b in2D.

The argumentsare:

slope Slope of the ramp.
Intercept Interceptof the ramp.
SampleRate Rate at which the ramp shouldbe sampled.
I?Dial The dimensionalityof the result.
Dim Arrayof at least size NDimspeci~lng the result dimensions.
Nx X-dimension of the result.
Ny Y-dimension of the result.
Orientation Applies to 2D results. Specilks the orientationin degreesof the ramp.
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7.46.14 Make a Sine
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Ifsignal. mksin (const
const

const

const

const
const

fsignal mksin (const
const

const

const

const

const

float Frequency,

float SempleRate,

int NDim,
int *Dim,

float Orientation,

float Phase)

float Frequency,

float SampleRate,

int Nx,

lnt Ny = O,

float Orientation = O,

float Phase = o)

DESCRIPTION:
Createal-,or2D aineaiial.
If/iathefrequency in Hertz, and# thephase, then mksinreturns:

sin(27rj(z + @))inlD,and
sin(2r~(k. z +kvy + @))in2D.

Theargumentsare:

Requency fiequencyoftheaine in Hertz.
SampleRate Rate at whkh the sine should be sampled in Hertz.
NDim The dimensionality of the result.
Dim Array of at least size NDimapecifyiig the result dimensions.
Nx X-dimension of the result.
Ny Y-dimensionoftheresult.
Orientation Appliesto2D results.Specifiestheorientationindegreesoftheplanewave.

‘TMsisthewavevector.
Phase Phaseofthesine.
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7.46.15 Make a Square Wave
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const

const

const
const

Const

fsignal mksqrwv (const
const
const

const

const

const

Ifsignal mksqrwv (const flost Frequency,
flo.at SampleRate,

int NDim,

int *Dim,

float Orientation,

float Phase)
float Frequency,

float SampleRate,
int Nx,

int Ny = O,

float Orientation = O,

float Phase = 0)
I

DESCRIPTION:
Createal-,or2D squarewavesignal.
If f is the frequency in Hertz, and # the phase, then mksqruv returns:

sgn(sin(2 m ~ (z + d))) in lD, md
sgn(sin(2 x j (k= z + kg y + ~))) in 2D.

The arguments are:

Frequency l!lequency of the square wave in Herts.
SampleRate Rate at which the square wave should be sampled ‘m He*.
NDim The dimensionality of the result.
Dim Array of at least sise NDimspeciijhg the result dimensions.
Nx X-dimension of the result.
Ny Y-dimension of the result.
Orientation Applies to 2D results. Specifies the orientation in degrees of the plane wave.

This is the wave vector.
Phase Phase of the sauare wave.
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7.46.16 Make a Filter Window

fsignal mkwindow (float *Centers ,
float *Wi,dths ,

int NumberOfBands ,

int Window ,

int Reject ,

int Size ,

float Origin ,

float Interval ,

int *Start ,

int *Stop,

int Toggle)

DESCRIPTION:
Cmmteafilterwindow. The fltm-bemulti-moti withthecentirs, widths, mdnumberofbmds spetifid
in the Centers, Widths, and NumberOfBands srguments.
The argumentsare:

:enters An arrayofsizeNumberOfBandsspecifyingthecenterofthefilterband(s).At
leastonecentermustbe supplied.

tiidths An arrayof sizeNumberOfBands specifyingthewidthsofthefilterband(s).
Widthsarespecifiedinfrequency units and represent the size of the band from
end-to-end and not full-width at half-maximum. At least one width must be
supplied.

‘JumberOfBands The number ofbands.Must he atleast1.
dindou Window specification.Must beoneofHAMMING,NANNING,BLACKMAN,BARTLEIT,

GAUSSIAN,orRECTANGULAR.TheseconstantsaredescribedinGlobalConstants,
Section13.

leject Setto1 tomake thefiltera band-rejectinsteadofband-pass.
Size The number ofelementsinthefilter.
Jrigin The dataoriginofthefilter.UnlessToggleis1,theoriginisignoredand taken

tobe zero.
Interval The datasampleintervalofthefilter.
start The elementindexoftheactualfilterstart.AllelementsbeforeelementStart

arezero.Startand Stopcanbe usedtodeterminetheeffective(non-zeroor
totalpass-band)ofthefilter.

stop The elementindexoftheactualfilterstop.AllelementsafterelementStopare
zero.Startand Stopcsnbe usedtodeterminetheeilkctive(non-zeroortotal
pass-band)ofthefilter.

Toggle Setto1tospecifytheconstructionofa “toggled”orsign-modulatedfilter.This
willputthezero-frequencyvslueatthecenterofthesignal.Ifsettozero,the
originwillbe atelementzero.
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8 Array Class

The Arrayclassisimplementedm a template.Throu@out th~ subsection@pe representsthetemplate
parameter.

8.1 Constructors

8.1.1 DefaultConstructor

Array< type> (void) I

DESCRIPTION:
Default constructor. A zero-length Array is created.

ExAMELE

Array<int> Dim ;
Array<flost> Origin;

8.1.2 Copy Constructor

Array< type> (const Array<typo &Input) I

DESCRIPTION:
Copy constructor.
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8.1.3 Element Construct ors
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Array< type> (const lnt Elements)

Array<type> (const type*array, const int Elements)

Array<type> (const int Elements, const type*array)

DESCR.IPTION:
These. constructors allocate memory and optionally initialize it with the elements of array which must be
of at least size Elements. If array is not specified, the elements of the Array are set to zero.

EXAMPLE:

Arraycint >

int *count
Array<int >

Dim( 100 ) ;

= {1,2,3,4,5];
A(count ,5);

8.2 Assignment Operators

8.2.1 Array to Array Assignment

Array<type>& operator = (const Array<~ype>&Input)

DESC RIPTION:
Assignment operator from one Array to another. Array length and data are copi~ the old length and data
are lost.

EXAMPLE

float x[5]=Il ,2,3,4, 51;
f lost y [101 = flo, 15, 20, 25, 30, 35, 40, 45, 50, 55} ;

// a is a 5 element array initialized to the values in x.
Array<float> a( 5 , x ) ;

// b is a 10 element array initialized to the values in y.
Array< float> b( 10, y ) ;

// a is non an exact copy of b. Its previouslengthand elementslost.
a=b;
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8.2.2 Scalarto Array Assignment

Array<type>% operator = (const type &scalar) 1

DESCRIPTION:
Assignment operator from a scalar to an Array. Each element in the Array is assigned the value of Scalar.
The Array length is preserved.

EXAMPLE:

Array<int>a( 10 ) ; // a is a 10 elementarray.
a= 100 ; // Each elementof a noiihas value 100.

8.3 Array Element Access

I type% operator [1 (int n)

DESCRI PTION:
Array element access. The operator can be used to set and retrieve an Array element. Range checking is
not performed.

EXAMPLE

Array<int>A( 5 ) ;
int x ;
A[2] =3; // Set an element
x =A[ 21; // Retrievean element
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8.4 Array Casts

type * (Array<@pe>)

DESCRIPTION:
Cast to pointer, returns the pointer to the Array.

EXAMPLE:

Array<flost> Z( 100 ) ;
float *Zptr = Z ;

8.5 Unary Negation

Array< type> operator - (const Array< type> ha) I

DESCFUPTION:
Unary negation. Each element of the Array is negated.

EXAMPLE:

const int N = 12 ;
Array<int> a( N ) , b( N );

// a is set someuhere
b= -a ;
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8.6 Assignment Arithmetic Operators

8.6.1 Array-Array Assignment ArithmeticOperators

Array<type>& operator op = (const Array<type> &Input) I

Assignment arithmetic operators from one Array variable to another where op is one of+, -, *, /. The
operators are applied on an element-by4znent basis and can be used on Array=of difkrent lengths. The
operations cease when the lesser of the two Array lengths has been reached.

EXAMPLE

Array<float>a( 10 ) , b( 5 ) ;
a = 2;
b=2;

// The first five elements of a are now zero, the last five are still 2.
a -= b;

8.8.2 Scalar-ArrayAssignment ArithmeticOperators

Array< type>& operator op = (const type&Scalar)

DESCRI PTION:
Assignment arithmetic operators from a scalar to an Array where op is one of+, -, *, /. The arithmetic
operator is applied to each element of the bray.

—

EXAMPLE:

Array<float> a( 10 ) ;
a=2;
a -= 1; // The elements of a are nou 1.
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8.7 Binary Operators

8.7.1 Array-ArrayBinaryOperators

IArray <type> operator op(const Array<type>&a, const Array<type>&b) I

DESCRIPTION:
Binary arithmetic operators between Arrays where op is one of+, -, *, /. The operators are applied on an
element-by-element basis and can be used on Array~of diflerent lengths. The operations ceases when the
lesser of the two Array lengths has been reached.

8.7.2 Array-Scalar Binary Operators

Array<type> operator op(const Array<type>&a, const type &Scalar) I

DESCR IPTION:
Binary arithmetic operators between Arrays and scalars where op is one of +, -, *, /.—
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8.8 Array Relational Operators
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int operator ==(const Array< type> &a, const Array <type> &b)

int operator !=(const Array<~> &a, const Array<fi> &b)

DESCRI PTION:
Relational operators. Element by element comparison is performed.

8.9 Elements in an Array

nelemof (const Array<type>&a)
int

Fhnction to retrieve the number of elements in an Array.

EXAMPLE:

Array<float>x( 101 ) ;
for( int n=O ; naelenmf ( x ) ; n++ )

X[nl =2*n+l;

8.10 Stream Operator

ostream& operator << (ostream &co, const Array<type>&a) I

DESC RIPTION:
ostream operator to print the contents of an Array.
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9 Complex Class

153
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‘uomplex”classacxuauyconsmw m wree umsses:

complex,a flostcomplexclass;

dcoztplex,a doublecomplexclass;

Complex<TYPE>,a template complex class used to handle our multiple type compl= data

The firsttwo classes are “hard-wired”,i.e.nottemplates.ThM wasneededtosupportmixed-typecompu-
tations.
Thethirdclassisimplementedasatemplatesincewe dealwithmultipletypesofcomplexdata.Thisclass
supportsonlyarithmeticfunctions.
Note:Allthecomplextypesaredefinedas

private:
TYPEre, im;

public:

so that when a complex array is stored, the values are saved as

reimreimreim ...

9.1 Constructors

9.1.1 Default Constructor

complex (void)
I

dcomplex (void)

Complex<type> (void)

DESCFUP TION:
Default constructor. Real and imaginary parts of the variable are initialized to zero.

EXAMPLE

complex c ; // A complexfloat.
ComplexCunsignedchar> IQ[ 256 1 ; // An array of complexunsignedchar.
dcomplexz[ 100 1 ; // An array of complexdouble.
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9.1.2 Data Constructor

complex (const f lost Real, const float Imag = O)

dcomplex (const double Real, const double Imag = O)

Complex<type> (const ~vpe Real, const type Imag = O)

D~c~pT ION:
llisconstructor specifiesthereal audoptionall ytheimsginarypart. Ifthelatter isnotspeciiied, itis
initialized to zero.

EXAMPLE:

dcomplex Z( 3.5 ) ;
dcomplex x( 3.5 , 4.1 ) ;

9.1.3 Copy Constructor

complex (const complex &Input)
complex (const dcomplex &Input)
complex (const Complex<type>&Input)

dcomplex (const complex &Input)
dcomplex (const dcomplex kInput)
dcomplex (const Complex<type>&Input)

Complex<type> (const Complex<type>tInput) -

DESCRIPTION:
Copy Constructor.
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9.2 Assignment Operators

9.2.1 Complex to Complex Assignment

complex& operator = (const complex &Input)
complex& operator = (const dcomplex &Input)

dcomplex& operator = (const complex &Input)
dcomplex& operator = (const dcomplex &Input)

Complex<@e>& operator = (const Complex<type>kInput) I

DEmuEmw
Assignment operator fiomone ComplexcQq@ Variable to another.

9.2.2 Scala.r to Complex Assignment

complex& operator = (const float &Scalar)

dcomplex& operator = (const double &Scalar)

Complex<type>& operator = (const @pe &Scalar)

DESCRI PTION:
Assignment operator from aresl scalar to aComplexxt~@ variable. The imaginary pert ofthewiable is
set to zero.

EXAMPLE:

complexx(l,2);// x=l+i2
x = 3.14159 ; //x now equals 3.14159+ i (0)



156

9.3

9.3.1
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Assignment Arithmetic Operators

Complexto ComplexAssignmentArithmeticOperators

complex& operator op= (const complex kInput)
complex& operator @= (const dcomplex &Input)—

dcomplex& operator op= (const complex &Input)
dcomplex& operator Fp= (const dcomplex &Input)—

lComplex<@pe>& operator op= (const Complex<~ype>&Input)

DESCRIPTION:
As&~ment mitimetic operators fiomone mmplawi&le tinotier whemopk one of+,-,*, /.—

9.3.2 Scalar to Complex Assignment Arithmetic Operators

complex& operator op = (const float Scalar)—

dcomplex& operator op= (const double Scalar)—

Complex<type>& operator op= (const type Scalar) I

DESCRI PTION:
Assignment arithmetic operators from a real scalar to a complex variable where op is one of+, -, *, /.—
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9.4 Binary Operators

9.4.1 Complex-ComplexBinaryOperators

complex operator op (const complex &a, const complex &b)—

dcomplex operator op (const dcornplex &a, const dcomplex &b)

dcomplex operator ~ (const ~omplex &a, const dcomplex &b)

dcomplex operator =p (const dcomplex &a, const complex &b)—

Complex<type>operator op (const Complex<@pe> &a, const Complex<type>&b)

12mmEnm
Binary arithmeticoperators betweencomplexvariableswhere~is oneof +,-,*,/.

9.4.2 Complex-ScalarBinaryOperators

complex operator op (const complex &a, const float Scalar)

complex operator~ (const float Scalar, const complex &b)

dcomplex operator ~ (const complex &a, const double Scalar)

dcomplex operator op (const double Scalar, const complex &b)—

dcomplex operator op (const dcomplex &a, const double Scalar)

dcomplex operator ~ (const double Scalar, const dcomplex &b)—

Complex<type>operator op (const Complex<type>&a, const type Scalar)

DESCRIPTION:
Binary arithmetic operatombetween ComplexandreaJ variableswhereop isoneof+, -,*, /.—
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9.5 Extract Real and Imaginary Parts

float& real (complex &z)

float& imag (complex &z)

double& real (dcomplex &z)

double& imag (dcomplex &z)

~% real (Complex<~@ &z)

type% imag (Complex<typ@ &z)

float real (const complex &z)
float imag (const complex &z)

double real (const dcomplex &z)
double imag (const dcomplex &z)

type real (const Complex<type>&z)
type imag (const Complex<type>&z)

DESCRIPTION:
Thefirstformcam beusedtosetand retrievethe real and imaginarypartsof acomplexvariable .Itcanbe
used on either side of an equation.
The second form operates on conet variables and can only appear on the right hand side of au equation.
The compiler will determine which function should be used. According to the ARM [1], section 13, for any
type T, “... It is, however, possible to distinguish between const T&,volatile T&, and plain T&so functions
that diiTer only in this respect may be delined.” Thus, in theory, compilers should be able to distinguish
between real (const cornplexk) and real (complex&). I, however, have come across some, which under
certain circumstances, cannot. The compilers have apparently not read the ARM thoroughly.

EXAMPLE:

complex c ;
const complex Z( 1 , 2 ) ;
f lost x ;
real(c )=5; // Set the real part
imag( c ) = real( z ) ; // Set the imaginary part
x = real( c ) ; // Retrieve the real part
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9.6 Casting
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float (complex)

double (dcomplex)

type (Complex<type>) I

DESC RIPTION:
Cast to real part. This cast to a non-complex type returns the real part of the complex variable.

complex Z( 3 , 5 ) ;
float x ;
x= z ; // x is now equal to 3

9.7 Unary Negation

complex operator - (const complex &z)

dcomplex operator - (const dcomplex &z)

Complex< type> operator - (const Complex< type> &z) 1

DESCRIP TION:
Unarynegation. Realand imaginary parts arenegated.
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9.8 Relational Operators

int operator == (const complex &a, const complex &b)

int operator == (const dcomplex &a, const dcornplex &b)

I int operator == (Const Complex<type> &a, const Complex<type> &b)
J

int operator != (const complex &a, const complex &b)

int operator != (const dcomplex &a, const dcomplex &b)

int operator != (Const Complex<type>&a, const Complex<type>&b)

int operator > (const complex &a, const complex &b)

int operator > (const dcomplex &a, const dcomplex &b)

int operator > (const Complex<@pe> &a, const Complex<type>&b)

int operator < (const complex &a, const complex &b)

I int operator < (const dcomplex &a, const dcomplex &b) I
int operator < (const Cornplex<type> &a, const Cornplex<tvpe> &b)

QEsxmmm:
Relational operators.
The equality operator compares real parts and imaginary parts” and isequivalent to implementing:

(real(a) == real(b)) && (hmg(a) == @(b))

The inequality operator comparesrealparts and imaginary parts and isequivalent to implementing:

(real(a)!= real(b)) 1[ (imag(a) != imag(b))

The greaterthanand leasthmoperatorscomparemagnitudes,andareequivalenttoimplementing

fabs(a) > fabs(b)
fabs(a) < fabs(b)

respectively.
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9.9 Math Functions

9.!J.l Phaseof a ComplexVariable

double arg (const complex &z)

Idouble arg (const dcomplex &z)

Idouble arg (const Complex<type>&z)

DESCRIPT ION:
Compute and return the argument or phase of a complex variable. If z = z + iy then erg(z) returns
arctan(u/z). This function is implemented with at an2 (double, double), and returns a double, regardless
of the input data type.

EXAMPLE:

Cornplex<int>a( 1 , 1 ) ;
double phase = arg( a ) ; // phase is Pi/4.

9.9.2 Cube Root

complex cbrt (const complex &z)

dcomplex cbrt (const dcomplex &z)

DESCRI PTION:
Return the first branch of the cube root of the ~ment. If z = z + iy, then cbrt (z) returns:

Note: To remain consistent with the cbrt () function defined in math. h, this should return a dcomplex
regardless of the input type. However to save time on casting horn dcomplex to complex, the function is
overloaded to return the type of its argument. The templated complex types must be explicitly cast to either
dcomplex or complex.
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9.9.3 Complex Conjugate

complex cc (const complex &z)

dcomplex cc (const dcomplex &z)

Complex<type> cc (const Complex<type>&z)

DEsmumm
Returnthecomplexconjugateofthezugument.Note:Thisfunctionisoverloadedto acceptarguments
ofnon-Complextype(flost,int,etc.)sothatitmay be usedinparametrizedfunctions.The complex
conjugateofa rd—-le returnsthevariableitself.

9.9.4 Cosine

complex Cos (const complex &z)

dcomplex Cos (const dcomplex &z)

Return the cosine of the argument. Note: To remain consistent with the cos () function defined in math.h,
thkshouldreturna dcornplexregardlessoftheinputtype.Howevertosavetimeon castingfromdcomplex
tocomplex,thefunctionisoverloadedtoreturnthetypeofitsargument.The templatedcomplextypes
mustbe explicitlycasttoeitherdcomplexorcomplex.
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9.9.5 Euler Exponential

complex euler (const float x)
dcomplex euler (const double x)

complex euler (const complex z)
dcomplex euler (const dcomplex z)

~
Return the Euler exponential of the argument. Forareal, z,this function returns

euler(z) = eiz

For a complex, z = x + iy, it returns

euler(z)

Note:To remainconsistentwiththeeuler ()
regardless of the input type. However to save

= cosz+isinz

ix= e

= ei(z+iy)

= e-y eiz

= e–u (Coaz+isinz)

function defined in math. h, thk should return a dcomplex
time on casting horn dcomplex to complex, the function is

overloadedtoreturnthetypeofitsargument.The templatedcomplextyp~ mustbee~licitlycasttoeither
dcomplexorcomplex.

EXAMPLE:
This code sequence shows how the euler function can be used to demonstrate the wave function of a particle
in the presence of a potential step. Figure 10 shows the wave fiction and potential barrier.

void PotentialStep()

{
float V(float x) ;
int

N = 600,
n ;

flost
Xo = -2,
Xf=l,
dx= (Xf - xO)/(float)N,

As

E= 0.5, /* Particleenergy*/ ‘
k= 2*Pi/O.5;

csignal psi(l,&N,O,&xO,hfx) ;
fsignal potential(l,kN,O,&xO,&dx);

for( n=O, X=XO ; n<N ; n++ , x+=dx )
{

psi[n] = euler( k * x * sqrt( complex(E-V(x))) ) ;
potential[n]= V(x) ;

3 .
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9.9.6 Exponential
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complex exp (const complex &z)

dcomplex exp (const dcomplex &z)

Return the exponential of the argument. Note: To remain consistent with the exp () function defined in
math. h, tlds should return a dcomplex regardless of the input type. Howevei to save timeon castingfrom
dcomplextocomplex,thefunctionisoverloadedtoreturnthetypeofitsargument.The templatedcomplex
typesmust be explicitlycasttoeitherdcomplexorcomplex.

9.9.7 Magnitude

double fabs (const complex &z)

Idouble fabs (const dcomplex &z)

double fabs (const Complex<type>&z)

DESCRIPTION
Return the magnitude of the argument. If z = z + iv then f abs (z) returns Izl = ~~”. This function
returns a double, regardlessof the input data type to be consistentwiththefabs()functiondefinedin
math.h.
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9.9.8 Intensity

double intensity (const complex &z)

double intensity (const dcomplex &z)

double intensity (const Complex< type> &z)

DJ3SCRIPTION:
Retumthe magnitudeoftheargument.Ifz=z+iy thenintensity(z)retumslz12=Z2+V2. Thlsfunction
returnsa double,regardlessoftheinputdatatypetobe consistentwiththefabs() functiondefinedin
math.h.

9.9.9 Natural Logarithm

complex log (const complex &z)

dcomplex log (const dcomplex &z)

~.
Returnthenaturallogarithmoftheargument.Note:To remainconsktentwiththelogo functiondefined
inmath.h,tldsshouldreturna dcomplexregardlessoftheinputtype.Howevertosavetimeon castinghorn
dcomplextocomplex,thefunctionisoverloadedtoreturnthetypeofitsargument.The t.emplatedcomplex
typesmustbe explicitlycasttoeitherdcomplexorcomplex.

9.9.10 Base 10 Logarithm

complex loglo (const complex &z)

dcomplex loglo (const dcomplex &z)

DESCRIPTION:
Returnthebase10logarithmoftheargument.Note To remainconsistentwiththelog10()functiondefined
inmath.h,thisshouldreturna dcomplexregardlessoftheinputtype.Howevertosavetimeon castingfrom
dcomplextocomplex,thefunctionisoverloadedtoreturnthetypeofitsargument.The templatedcomplex
typesmustbe explicitlycasttoeitherdcomplexorcomplex.
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9.9.11 Convert km Magnitude and Phase to -al and Imaginary

complex mptori (const float &mag, const float kphase)

dcomplex mptori (const double &mag, const double @base)

Complex< t~pe> mptori (const tgpe bag, const type @base)

~
Convert two real numbers representing the magnitude and phase of a complex number to a complex number
in real and imaginary format. If A isthemagnitude and 4 is the phase, then mptori returns the following
complex number:

z= Ae@

= A COS(d)+ iAsin(f?)

9.9.12 Convert to Polar Form

complex polar (const complex &z)

dcomplex polar (const dcomplex &z)

Complex<type> polar (const Complex< type> &z) I

DESCRIP TION:
Compute and returnthe polar form of the input. Assumesthe argumentisinrectan@arformat.H z = z+iY
thenpolar(z)returns~~ e~wmn(~tz),withtherealpartequalto~z2 + y2,andtheimaginarypart
toarctan($//z) .
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9.9.13 Power

complex pow (COIIStcomplex &z, const double p)

dcomplex pow (COnst dcomplex &z, const double p)

DESCRIPTION:
Return the argument raisedto the power p.

9.9.14 Convertto Rectangular Form

complex rect (const complex &z)

dcomplex rect (const dcomplex &z)

Complex<t~pe> rect (const Coxuplex<@pe> &z)

DEwmmQN

Compute and return the number in rectangular format. Assumes the argument is in polar format. If z = Aei@
(stored as (-4,0)), then rect (z) returns Acos(6) + iAsin(@).
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9.9.15 Return Rectangular Parts
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double rect~ (const complex &z)
double rect.y (const complex &z)

double recta (const dcomplex &z)
double rect-y (const dcomplex &z)

double rect~ (const Complex<@> &z)
double rect-y (const Complex<type>&z)

Compute and return the X-or Y-coordinate of a number in polar format. Assumes the argument is in polar
format, i.e. is stored as (A, 19)where z = Aeie. Then rect~(z) returns A COS(6), and rect.y(z)returns
A sin(e).

9.9.16 Sine

complex sin (const complex &z)

dcomplex sin (const dcomplex &z)

DESCRIPTION:
Returnthesineof the argument.Note:To remainconsistentwiththesino functiondefinedinmeth.h,
thisshouldreturna dcomplexregardlessoftheinputtype.Howevertosavetimeon castingfromdcomplex
to complex, the function is overloaded to return the type of its argument. The templated complex types
must be explicitly cast to either dcomplex or complex.



170

9.9.17 Square Root
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complex sqrt (const complex &z)

dcomplex sqrt (const dcomplex &z)

DESCRI PTION:
Iteturn the first branch of thesquare root of the argument. Ifz=x-t iy, then sqrt(z) returns:

sqrt(z) = ~~exp(arctan(g/z)/2)

Note: To remain consistent with the sqrt ( ) function defined in math. h, this should return a dcomplex
regardless of the input type. However to save time on casting horn dcomplex to complex, the function is
overloaded to return the type of its srgument. The templated complex types must be explicitly cast to either
dcomplex or complex.

9.10 Stream Operators

Iostream k operator << (ostream &co, const complex &z)

Iostream & operator << (ostream &co, const dcomplex &z)

ostream % operator << (ostream &co, const Complex<typo &z)

DESCRIPTION:
ostresm operator to print the contents of a complex variable.
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9.11 Show

void show (const char *Message,

const complex &a,

FILE *fP = stdout)

showvoid (const char *Message,

const dcomplex &a,

FILE *fP = stdout)

void show (const char *Message,

const Complex<type> &a,

FILE *fp = std~)

DESCRI PTION:
Functiontoshow acomplexvariable inafancymanner.

JU.UUUJ
The code

const complex a( 10 , .12 ) ;
shou( “a” , a , stdout) ;

will produce:

a= {10,.12}

9.12 Complex Class Type Definitions

Forconvenience,thefollowingcomplextypedefinitionsexist:

typedef Complex<char>& ccomplex
typedef Complex<short>& scomplex
typedef Complex<unsignedchar> k uccomplex
typedef Complex<int>k icomplex

For example:

uccomplex z ; // z is Complex<unsignedchar>
scomplex a[ 10 ] ; // A Complex<short>array.
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10 String Class

A Stringisa variableusedtostoreandmanipulateCh~~I

10.1 Constructors

10.1.1 DefaultConstructor

173

strings.

I String (void) I

ImsmEmm
GenersJconstructorrequiriigno srguments.A zero-lengthStringiscreated.

Jiuh!mE

String Name ;

10.1.2 Copy Constructor

String (const string &Input) I

DESCR,I PTION:
Copy constructor.

10.1.3 Constructorhorna CharacterArmy

IString (const char *CharacterString) I

ImmErmN
Constructor from a pointer to char.

EXAMEJ@

String Nsme( “Sean K. Lehman” ) ;
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10.1.4 constructorfroma Letter

String (const chu &Letter)

DESCRIPTION:
Constructor initializing the String by a char, i.e. a single character.

EXAMPLE

String a( ‘a’ ) ;
String b( ‘b’ ) ;

10.1.5 Constructor from an Integer

String (const int &Integer) I

DEW FUPTION:
Constructor initializing the String by an int.

J3xAMPLE

String three( 3 ) ;

10.2 casts

char* (String)
int (Strin~)

DESCRIPTION:
The first cast returns the pointer to the String’s char array.
The second cast returns the size of the String.

EXAMPLI&

String Name( “Sean K. Lehman” ) ;
fprintf ( stdout , “My name is %s\n” , (char* )Name )

f print f ( stdout , “I have %d letters in my name. \n”

;

, (int)tiame ) ;
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10.3 Assignment Operators

IString& operator = (const String &Input) 1

DESCRIPTION
Assignment operator from one String to another.

10.4 Assignment Arithmetic Operators

10.4.1 AssignmentAddition

I String& operator += (const String &lnput) 1

QEwRmmm
Assignment increment between Strings. The right hand String is concatenated to the left hand String.

EXAMPLE

String Basename ( “radar” ) ;
Basensme += “. sdt” ; // Baseneme is “radar. sdt”

10.4.2 Assignment Subtraction

I String& operator -= (const String kInput) 1

DESCRI PTION
Assignmentdecrementbetween Strings. The firstoccurrence of the right hand String is deleted from the
left hand string.

Ex4MELE
String Basensme( “radar.sdt” ) ;
Basename-= w.sdt” ; // Basename is “radar”
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10.5 Binary Operators

10.5.1 String-StringBinaryOperators

[String operator + (const String &a, const String &b) i
String operator - (const String &a, const String &b)

DESCR,I PTION
Bmaryaddition andsubtraction between Strings. Addition concatenates the Strings, subtraction deletes
the first occurrence of the second String from the first.

10.5.2 Char-String Binary Operators

String operator + (const char *a, const String &b)
String operator - (const char *a, const String &b)

DESCR,IPTION
Binary addition and subtraction between Strings and char arrays. Addition concatenates the arguments,
subtraction deletes the first occurrence of the String from the ch?marray.

10.5.3 String-Char Bkry Operators

String operator + (const String &a, const char *b)
String operator - (const String &a, const char *b)

DESCRI PTION:
Binary addition and subtraction between Strings and char ~ays. Addition concatenates the arguments,
subtraction deletes the first occurrence of the char array from the String.
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10.6 Relational Operators
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I int operator == (const String &a, const String &b) I
int operator != (const String &a,const String &b) I

DESCRIP TION:
Relational operators. These test for equalky and inequaMy of String contents and length.

10.7 Show String Contents

void show (const char *Message,
const String &a,
FILE *fp = stdout)

void showflat (const char *!4essage,
const String &a,
FILE *fP = stdout)

DESCRIPTION:
Functionstoshow aStringinafsncy manner.
The first form puts carriage returns after the braces, the second form does not.

EXAMPLE:

String Name( “SeanK. Lehman” ) ;

show( “Flyname” , Name ) ;
fprintf(stdout,”\n”);
showflat(“Hy name” , Name ) ;

wouldproduce

My neme = {
14 , 0x3c9d0 “Sean K. Lehman”

3

My name = { 14 , 0x3c9d0 “SeanK. Lehman” 3
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10.8

10.8.1

Parse a UNIX

Get UNIX Path

Path

Base

~ng getbase (const String &Path) I
String getbase (const char *Path)

DESCRIPTION:
Thesefunctionsreturnthebasename oftheargument,assumedtobe a UNIX path.The basename is
everythingafterthelastdirectoryinthepath.Thefollowingtableshowshowvariousp:ithsareparsedinto
directoryand basenames:

PATH IDIRECTORY IBASE NAME

/ / /
./ .
. . / . .
. . . .
/roi3 ; roi3

/roi3/ / roi3

/roi3/lehman /roi3 lehman

/roi3/lehman/ /roi3 lehman

/roi3/lehman/f00 /roi3/lehman foo
../foo .. f00
../foo/ foo
../foo/bzur ::/foo bar
bar . bar

10.8.2 Get UNIX Path Directory

String getdir (const String &Path)
String getdir (const char *Path)

msau PTION:
These functions return the directory path of the argument, assumed to be a UNIX path. The directory
name is everything up to but not including the last /. The table listed in above shows how various paths
are parsed into directory and base names.
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11 View 1/0 Support Functions

The View 1/0 package provides support for reading, writing, and getting parameters from View signals.
To use the package include viewio. h in your sources and link with vieuio. o and libm. a. All functions
listed here require only two files and not the full IDP++ amhhe.

11.1 Append Text to SPR File

int AppendToSPRFile (const char *ViewFileNeme, const char *Text)

DESCR,IPTION:
Append a text string to the end of a V@ parameter (. spr) file. Text points to the null-terminated string
to be appended.
The function returns SUCCESSupon successful completion, and FAILUREotherwise. These constants are
described in Section 13.
The arguments are:

ViewFileName View signal fle base name, do not include “. salt” or ‘. spr.”
Text Null-terminatedstring to be appended.

EuLu!m&
Thiscode sequenceshowshow tosavethecommand lineargumentstoan existing.sprfile:

main(int amgn,char *arg~[1)
{

/*

* Save commandline.
*/
String Comments= args[01 ;
for( int n=l ; n<argn ; n++ )

Comments+= String(“ “) + String(args[n]) ;

AppendToSPRFile( “foo” , Comments) ;

3
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11.2 Remove View Signal from Disk

int DeleteViewSignal (const char *ViewSignalName) 1

DESC RIPTION:
Delete View signal from disk. ThM function will remove both the “. salt” and “. spr.” files.
The function returns SUCCESSupon successful completion, and FAILUREotherwise. These constants are
described in Section 13.

11.3 Retrieve Signal Dimension from the Parameter File

int dimof (const char *ViewFileName, const int Axis) I

DESCRIPTION:
Return the dimension of the specified axis of a View signal stored on disk. ViewFileName is a View signal
He base name, do not include u. salt” or “. spr.” Axis is one of the axis specifiers (XJIXIS, YJXIS, ZAXIS,
TAXIS) described in the subsection on Global Constants, Section 13.

11.4 Retrieve Signal Dimensionalit y from the Parameter File

I int ndimof (const char *ViewFileNeme) I

DESCRI PTION:
Return the dimensionality of a View signal stored on disk. ViewFileNsme is a View signal file bsse name,
do not include “. salt” or “. spr.” This routine reads the . spr file.
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11.5 Retrieve Signal Interval from the Parameter File

float int ervalof (const char *VieWFileName, const int Axis) 1

DESCRI PTION:
Return the sample interval of the specified axis of a View signal stored on disk. ViewFileNsmeisa View
signalfdebasename,do notinclude“.salt”or “.spr.”Axisisoneoftheaxisspecifiers(XJXIS,YJXIS,
ZAXIS, T_AXIS) described in the subsection on Global Constants, Section 13.

11.6 Determine If A File Is An IDP++ File

int isidp (const char *Filename) I

DESC RIPTION:
Determine if Filensme is a base name for an IDP++ signal. This functionwill return 1 if both the .sdt
and .spr filesexist, and Ootherwise.
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11.7 Open a View File for Reading

FILE* OpenView (const char *ViewFileName,
int *Type,
int *NDim,
int *Dim,
float *Origin,
float *Interval
char *Comments= o)

~
Open a View data (”. salt”) file and return a stream pointer to the iile. The View signal parameters are
returned in the function’sargument list.
The file can be closewith f close (FILE*).
The function returns a FILE* upon a successfulopening and reading of the parameter file, and opening of
the data file. Otherwise a (FILE*) O is returned.
The arguments are:

ViewFileName View signal file name stored on disks. Do not include “. salt” or u. sdt .“
Type The signal data type. Thk will return one of View’s recognized data types: BYTE,

WORO,LliORD,REAL,or COMPLEX.These variables are described in the subsection
on Global Constants, Section 13.

NDim The dirnensionalityof the signal.
Dim An array of at least sizeHAXDIM.
Origin An array at least of sizeMAXDIM.
Interval An array of at least sizeMAXDIM.
Comments If not zero, the commentsat the end of the .spr file will be returned.
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11.8 Retrieve Signal Origin from the Parameter File
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float originof (const char*ViewFileName, const int Axis) I

DESC RIPTION:
Return the origin of the specified axis of a View signal stored on disk. ViewFileName is a View signal file
base name, do not include “. salt” or “ .spr.” Axis is one of the axis specifiers (X4XIS, YJiXIS, Z_AXIS,
T_AXIS) described in the subsection on Global Constants, Section 13.

11.9 Read Parameters from . spr File

int ReadSPRFile (const char *ViewFileName,
const int *Type,
const int *NDim,

const int *Dim,

const float *Origin,

const float *Interval,

const char *Comments = o)

DESCFUPTION:
Wad the informationfrom a parameter (. spr) file.
The function returns SUCCESSupon successfulcompletion, and FAILUREotherwise. These constantsare
described in Section 13.
The arguments are:

VieuFileNeme View signal iile nsme storedon disk. Do not include “. sdt” or u.spr.”
Type The signaldata type. Tlds will returnoneof View’s recogniseddata types: BYTZ,

WORD,LUORD,REAL,or COMPLEX.These variablesare describedin the subsection
on Global Constants,Section13.

NDti The dimensionality of the signal.
Dim An array of at least size MAXDIF!.
Origin An array at least of size NAXDIM.
Interval An array of at least size NAXDIM.
Coannents If not zero, the comments at the end of the . spr file will be returned.
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11.10 Read View Data File

Therearetwoclassesoffunctionstoreada View data file. The first reads data of anyof the types listed in
Section 13.1 and converts them to one of IDP++’s four types. The second form is a template and reads the
types without any conversion.

11.10.1 Read Data As One of IDP++’s ~pes

int TypeReadView (FILE *fP,

const int Type ,

const int Elements ,

.@pe *Data )

int TypeReadView (FILE *fp,

const int Type,

const int NDim,

const int *Dim,

const int *Start,

const int *Size,

tuoe*Data)

DESC RIPTION:
Read data from an open View file and convert them to one of IDP++’s four types (float, double, complex,
dcomplex.
Complex data types read in as real are converted to magnitude. Real data types are read in = complex are
converted to complex with zero imaginary part.
The second form of the function performs a partial read of the file. The start and size of the read are specified
in the Start and Size arrays, respectively.
Open tie file with OpenView (Section 11.7). This function returns the number of elements read which is
hopefully Elements (unless there is an error or end of file).
The arguments are:

fp File pointer as returned by Openvieu.
Type The signal data type as returned by OpenView.
NDinl This signal dimensionality as returned by OpenView.
Dim The signal dimensions as returned by OpenView.
Elements The number of elements to read.
start The starting location for partial reads.
Size The size of the partial read.
Data Pointer to memory of at least size Elements* sizeof (sQpe)
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11.10.2 Read Data without Conversion

int ReadView (FILE *fp, int Elements, type *Data) I

DESCRIPTION:
Read data from an open View file. THISfunction is implemented as a template and, thus, will read any data
type. The template parameter is TYPE.
Open the file with OpenView (Section 11.7). This function returns the number of elements read whkh is
hopefully Elements (unless there is en error or end of file).
The arguments am:

fp File pointer as returned by OpenView.
Elements The number of elements to read.
Data Pointer to memory of at kast size Elements* sizeof (type).

.
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11.11 Read Rows and Columns of 2D View Files

ThesefunctionsreadrowsandcolumnsofdatafromViewfiles.Theyoperateonlyon2Ddatasets.They
are implemented as templates an thus are able to read any data type.

11.11.1 Read a Column

int ReadViewColumn (const char *ViewFileName,

type *Data ,

G column ,

int RowSt art = O ,

int Rows = -1)

int ReadViewColumn (FILE *f p ,
type *Data ,
int *Dim ,
int Column = -1 ,

int RowStart = O ,
int Rows = -1)

DESCRIPTION:
Read a column of data from a file. Thememorymustalreadybe allocated. These functions are implemented
as templates and, thus, will read any data type. The template parameter is tWe.
The first form will open the file, read a single column, and close the file. —
The second form will read a column of data from an open file pointer. This can be used to read successive
columns from an open data file. Open the fle with OpenView (Section 11.7).
The function returns SUCCESSupon successful completion, and FAILUREotherwise. These constants are
described in Section 13.
The arguments are:

ViewFi.leName View signal file name stored on disk. Do not include “. salt” or u. spr.”
fp File pointer opened with OpenView.
Data Pointer to existing memory.
Dim Pointer to an array of at least size 2 containhg the dimensions of data.
Colunul Column number to read. In the second form, this defaults to the current column

whkh, the first time through, is the first column.
RowStart Starting row to read. Defaults to tirst row.
Rows Number of rows to read. Defaults to all rows.
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11.11.2 Reada Row
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int ReadViewRow (const char *ViewFileNeme,

@pe *Data ,

int Row ,

int ColumnStart = O ,

int Columns = -1)

int ReadViewRow (FILE *fp,
~ *Data ,

int *Dim ,

int Row = -1 ,
int ColumnStart = O ,

int Columns = -1)

DESCRI PTION
R.eadarow ofdatafrom a file. Thememory must slreadybesllonted. These functions are implemented
= templates and, thus, will read any data type. The template parameter is ~.
The first form will open the file, read a single row, and close the file.
The second form will read a row of data from an open file pointer. This can be used to read successive rows
from au open data file. Open the file with OpenView (Section 11.7).
The function returns SUCCESSupon successful completion, snd FAILUREotherwise. These constants are
described in Section 13.
The arguments are:

ViewFileName View signal file name stored on disk. Do not include “. salt” or “. spr.”
fp F& pointeropenedwithOpenView.
Data Pointertoexistingmemory.

Dim Pointertoan arrayofatleastsize2 containhgthedimensionsofdata.
Row Row numbertoread.Inthesecondform,thisdefaultstothecurrentrowwhkh,

thefirsttimethrough,isthefirstrow.
Colulrulstart Startingcolumntoread.Defaultstofirstcolumn.
columns Number ofcolumnstoread.Defaultstoallcolumns.
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11.12 Resolve a File Name to a View File Name

int ResolveNeme (const char *ViewFileName,
const char *Extension,
String &Fullname)

DESCRIPTION:
Resolve a View file name with a psrtial extension. The String, Fullname, will be returned with the file
name without u. salt” or u. spr.” if successful.
SUCCESSis returned upon successful resolution of the name into a View file name. FAILUREis returned
otherwise.
The arguments are:

r
ViewFileName Partial View signzd file name expanded up to the base name of the data (. salt)

or parameter file (. spr).
Extension Either u. salt” or u. spr”.
Fullname String containing the View name.

ExAMEa
~ YOU PSSS “f oobar . S“ and “. spr”, ResolveName will return ‘f oobar” in Fullnsme if the file “f oobar. spr”
exists.
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11.13 Saving

I int SaveAsView (const char *ViewFileName,
const int Type,

const i.nt NDim,

const int *Dim,

const type *Data,

const fiat*Origin = O,

const float*Interval = O,

const char *Comments = o)

lwmEuQN
Saveadatasetss aVlewflle.
This function isimplexnented asatemplate aud, thus, will read any data type. Thetemplate parameter is
type.
~ function returns SUCCESSupon successful completion, and FAILUREotherwise. These constants are
described in Section 13.
The arguments are:

ViewFileName View signal file name stored on disk. Do not include u. salt” or u. spr.”
Type The signal data type. This must be one of IDP++’s recognized data types: CHAR,

SHORT,LONG,FLOAT,COMPLEX,INT, DOUBLE,UCHAR,DCOMPLEX,or UCCOMPLEX.
These variables are described in the subsection on Global Constants, Section 13.

NDim The dimensionslity of the signal.
Dim An array of at least size NDimspeci~ng the signal’s dimensions.
Data Data pointer.
Origin An array of at least size NDimspeci~lngthesignal’saxisorigins.
Interval An arrayofatleastsizeNDimspecifying the signal’s axis intervals.
Comments Optional comments to be appended at the end of the . spr file.
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11.14 Read Signal Type from a Parameter File

int Stypeof (const char *ViewFlleName) I

DESC R.IPTION:
Return the data type of a View signel stored on disk. This will return one of the recognized signal types
described in the subsection on Global Constants, Section 13.
VieuFileNeme is a View signal file base name, do not include “. salt” or “. spr.” This routine mads the
. spr file.

EXAMPLE: The Mowing code segment ensure the correct demeano functioniscalled based upon the
data type of the input file name (in ergs [11):

main(int argn,char *ergs[1)

{
char *Input = args[ 1 ] ;
String Name( Input ) ;
N~e += ‘O_~~$;

switch( stypeof ( Input ) )

{
case CNAR:
case UCNAR:
case SHORT:
case LONG:
case INT:
case FLOAT:

save( demean( fsignal(Input)) , Name ) ;
break ;

case UCCOMPLEX:
case COMPLEX:

save( demean( cs@nal (Input) ) , Name ) ;
break ;

case DOUBLE:
save( demean(dsignal(Input) ) , Name ) ;

break ;
case DCOMPLEX:

save( demean(dcsignal(Input)) , Nsme ) ;
break ;

1
}
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11.15 Write Parameters

int WriteSPRFile (const char *ViewFlleName,
const int Type,

const int NDim,

const int *Dim,

const float *Origin = O,

const float *Interval = O,

const char *Comments = o)

DESCRI PTION:
Createa .sPrfile. This crc@.ea newoneifit does notexist, andover-write anexistin~fde.
The functio~ returns SUCCESSupon successful completion, “and FAILUREotherwise. ~hese constants are
described in Section 13.
The arguments are:

VieuFileName View signal file name stored on disk. Do not include ‘. spr.”
Type The signsl data type. This must be one of the recognized data types described

in the subsection on Global Constants, Section 13.
NDim The dimensionality of the signal.
Dim An array of at lesst size NDimspecifyingthe signal’s dimensions.
Origin Optional array of at least size NDim specitilng the signal’s axis origins. If not

specifiedtheoriginsaresettozero.

Interval Optionalan arrayofat least size NDimspecifykg the signal’s axis intervals. If
not specified the intervals are set to 1.

Comments Optional comments to be appended at the end of the . spr file.
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12 Support Functions

These are lower level functions which operate on scalars or arrays but not on any of the higher classes.
Some of these functions are implemented as templates. Throughout thk subsection type represents the
template parameter.

12.1 Get/Set Points Within Memory

type getpt (Const type*Input, const int i, const int j, const int Nx)

Zjjac getpt (type *I~t, const int i, const int j, const int Nx)

type getpt (COnSt type *Input, const int i, const int j, const int k,
const ~Nx, const int Ny)

type & getpt (@pe *Input, const int i, const int j, const int k,,

~st int Nx, const int Ny)

type getpt (COnst type *Input, const int i, const int j, const int k,
const =1, const int Nx, const int Ny, const int Nz)

*& getpt (~ *Input, const int i, const int j, const int k,

const int 1, const int Nx, const int Ny, const int Nz)

These functionswill retrieveand setpoints within 2,3,0r4 dimensionaldatasets storedinmemory. They
are implementedas inline template functionsand should operate fairly fast.
Note: Some compilersmay object to the overloadingof

getpt(const TTPE&, . ..)

and

getpt(TTPE&, . ..)

claiming they cannot distinguishbetween t.hetwo. They =ewro~. According tothe ARM[l]Cha.pter 13,
for any type T, “... it is possible to distinguishbetween const T&,volatile T&,and plain T&so functions
that differ only in tlis respectmay be defined.”
The arguments are:

Input Pointer to memory.
i X-coordinate.

j Y-coordinate.
k Z-coordinate.
1 t-coordinate.
Nx X-dimensionofdataset.
Ny Y-dimensionofdataset.
Nz Z-dimensionofdataset.
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12.2 Maximum/Minimum of Two Numbers

l–type

type

MAX (const type a, const type b)
MIN (const G a. const three b) I

DESCRIPTION:
Functions to return the maximum/minimum of two scalars. They are intended to replace the preprocessor
macros:

#clefine MAX( a , b ) ((a)>(b)?(a):(b))

#clefine MIN( a , b ) ((a)<(b)?(a):(b))

which all C/C++ books give as an exemple of bad programming.
They are declared as inline templates and should therefore operate on any type very fast.

12.3 Maximum/Minimum of an Array

type MAx (Const @ *x, const int N)
~ MIN (Const ~~e *x, const int N) J

DEsmEmm
Fbmtions to return the maximum/minimum of an array of size N.
They are declared as inline templates and should therefore operate on any type very fast.

12.4 Median of an Array

type median (const type .*x, const int N) I

DESCR.IPTIO N:
Function to return the median of an array of size N. The median of a set of IV values is:

{

X(v) N=2V+1
med (zi) =

* (q”-1) + q“)) ~ = 2V

The medianselectsthemiddlevalueoraverageofthetwomiddlevaluesifthenumberofpointsiseven.
Thisfunctionsisdeclaredasan inlinetemplateandshouldthereforeoperateon anytypeveryfast.
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12.5 Sort an Array

void shsort (@pe *x, int N) I

DESCFUPTION:
Shell sort an array of N elements, arranging the elements from lowest in value to highest. Ths performs au
in-place sort.

12.6 Uniformly Distributed Random Variable

float ranl (int *seed)

float unif onnrandom (const float mean,
const f lost renge,
int *seed)

~
Return a random numberuniftmnlydistributedbetween [0,1]. Call with seed a negativeintegerto initialise;
thereafter,do not alter it between successivedeviatesin a sequence.

12.7 Gamma Distributed Random Variable

float gsmmarandom (const flost alpha,
const float beta,
int *seed)
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12.8 Gaussian Distributed Random Variable

double gaussianrandom (int *seed)

float gaussianrandom (const float mean,
const float sd,

int *seed)

12.9 Single Point Spline Interpolation

float evaluate (const float xvalue,
const int N

const float *x

const float *y)

double evaluate (const double xvalue,
const int N
const double *x
const double *y),

DESCRIPTION:
Given alistof xandyvalues, perform aone-time singlepoint splineevaluation at the pointxvalue. See
Section7.43for the full set of interpolationfunctions.

xvalue X-value where interpolationis performed.
N Sizeof data arrays
x Pointer to the existingX-values. These are the knotsof the spline.

Y Pointer to the existing Y-values. These are the values at the ~ots. I
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13 Global Constants

13.1 Data &pe Constants

CONSTANT

St-IORT
LONG
FLOAT
COMPLEX

INT
DOUBLE
UCEAR
DCOKPLEX
UCCOMPLEX
MINDATAIYPE
HAXDATA.TYPE

VALUE
o
1
2
3
4

5
6
7
8
9
CHAR
UCCOMPLEX

13.2 Axis Constants
CONSTANT
MAXDIM

X-AXIS
Y-AXIS
ZIXIS
TAXIS

VALUE
4

0
1
2
3
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COMMENT
char. Equivalentto View’s BYTE.
short. Equivalentto View’s WORD.
long. Equivalentto View’s LWORD.
float. Equivalentto View’s REAL.
complex. Floating point complex. Equivalent tQView’s COM-
PLEX.
int.
double.
Unsigned char. unsigned char.
dcomplex. Double complex.
uccomplex. unsigned char complex.
Minimum data type.
Maximum data type.

COMMENT
Largest supporteddimension.IDP++ supportsup to4 dimen-
sions:X,Y,Z,andtime.Notethisisjustnomenclature,anyof
theaxesofa datasetcouldequallywellrepresentwavelength,
temperature,velocity,etc.
SymbolicrepresentationofX-axis.
SymbolicrepresentationofY-axis.
SymbolicrepresentationofZ-axis.
Svmbolicrem-esentationoft-axis.
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13.3 Constants Used in Various Functions

Constantsusedto setthefunctionalityoftheFFTfunctions.Thefunctionalityiscontrolledbythelogical
OR of these constants. For example,

fsignal Input ;
csignalResult ;

. . .
Result = fft( Input , FFT_TB I FFTJ3P I FFT.HP ) ;

. . .

would result in a half-plane, positive sign transform with the input data set being toggled before the FFT.

CONSTANT I VALUE I COMMENT
m-m
FFT-TA
mm
FFTNN
FFTSP
FFTJ3N

Oxol
0X02
0X04
OX08
Oxlo
0X20

Toggle before.
Toggle after.
Set half plme transform.
Normalize result.
Set transform sign positive.
Set transform sign negative.

Constants used in the normalize function to specib the type of normaliiation to be performed.

CONSTANT
NORKTII-MAX
NORN-T05UN
NORKTOJAR
NORKT05UNFABS
NORKTOJ4AXNAG
NORKTOXEAN

VALUE
o
1
2
3
4
5

COMMENT
Normalize to maximum signal value.
Normalize to signrd sum.
Normalize signal to have unit variance.
Normalize to sum of the magnitudes.
Normalize to maximum magnitude.
Normalize signal to have unit mean.

Constants used in the resample and magnify functionsta indicatethe type of interpolationto be perftxmed.

CONSTANT I VALUE ] COMMENT
RJ31LINRAR
RJ3PLINE
REPLICATE

o
1
2

Selects bfinear interpolation.
Selects spline interpolation.
Selects pixel replication.

R-ZEROINS 13 ISelectszeroinsertion.
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Constants used in the mkvindov function to indicate the window type.
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CONSTANT VALUE COMMENT
HAMMING o Selects a Hamming window.
HANNING 1 Selects a Henning window.
BLACKMAN 2 Selects a Blackman window.
BARTLETT 3 Selects a Bartlett window.
GAUSSIAN 4 Selects a Gaussian window.
RECTANGULAR 5 Selects a rectangular window.

Ccmstantaused in the ascii function to select whether signal coordinates should be written with the data.

CONSTANT VALUE COMMENT
WRLNONE o No coordinates or indices willbe written.
URAJNDEX 1 Indiceswillbe written.
URASOOR 2 Coordinateswillbe written.

13.4 Miscellaneous Constants
CONSTANT VALUE COMMENT
SUCCESS o Indicationofsuccessfulreturnfroma finction.
FAILURE 1 Indicationofunsuccessfulreturnfroma function.
OTHER -1 Anotherchoiceforareturnstatusfromafunction.
Pi 3.14159... 4. * atm( 1. )
GoldenRatio 1.61803... (1 + sqrt( 5. ))/2.
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A What’s New Since Version 3.5?

The signaland complexclasseswereoverhauledeliminatingtheirdependenceupon templateswhichdo not
appeartobe implementedina robustmanner.Templatesarea greatideabuttheydo notsolveallthe
world’sproblems,evenwhen compilersimplementthem properly.Thereappeartobe two basicproblems
withtemplates:

1. The inability of instantiations of differing types to communicate with each other (e.g. adding a
Complex<f lost> to a Complex<int z assigning to a Complex< double>;

2.Compilers are just not up to supporting heavy template usage yet (although the situation is slowly
getting better).

Hence, the lofty gosl of supporting ten signal types implemented via templates has been reduced supporting
to four ‘hard wired” classw

fsignal: A 4bytefloatingpointdatatype(float).
dsignal: An 8-byte floating point data type (double).
cs ignal: An 8-byte floating point data type with real and imaginary parts (complex float).
dcsignal A 16-byte floating point data type with real and imaginary parts (complex double).

All of the ten previous signal data types can be read in and immediately cast to one of the four types above.
The b~st advantage of thii change is mixed-type arithmetic is now fully supported.
There is a similar change to the complex type. There are now two “hard-wired” complex types: complex,
a single precision complex type, and dcomplex, a double precision complex type. In order to support the
various othercomplextypes,thereisa limitedtemplate-instantiatedcomplextype,Complex<~@, whkh
canbe used to read in data and then cast to one of the two hard-wired types.
As with the signalclasses,mixed-type arithmeticis supported between all complex types.
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